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Growth  and  Yield  of  Slash  Pine 

Plantations 

by 

Frank  A.  Bennett 

INTRODUCTION 

Although  slash  pine  has  the  most  limited  range  of  the  major  southern 

pines,   more  has  been  planted  than  any  other  southern  pine,   or  for  that  mat- 
ter, than  any  timber  species  in  North  America.    More  acres  of  planted  slash 

pine  are  also   approaching  a  merchantable   condition  than  any  other   species, 
even  though  the  bulk  of  the  plantings  has  been  in  the  last  20  years. 

Because  most  planting  is  so  recent,   there  has  been  a  lack  of  informa- 
tion on  the  growth  and  yield  of  slash  pine   plantations.     Until  1955  the  infor- 

mation was  piecemeal  and  only  then  did  the  first  major  contribution  on  growth 
and  yield  appear.     Since  then,    such  information  has  been  accumulating  at  an 
ever  increasing  rate  until  today,   there  is  considerable  data  available  on  slash 

pine  plantation  growth  and  yield  within  the  species'    natural   range,    scattered 
as  it  is. 

It  is  the  purpose  of  this  paper  to  bring  together  this  information  into  a 
single  summary  bulletin  based  on  the  best  experience  and  knowledge  to  date. 

HEIGHT  GROWTH 

Slash  pine  planted  on  an  average  old-field  site  (index  65,    25-year  basis) 
will  grow  about  three  feet  annually  for  the  first  15  years.     The  first  year  after 

planting,    growth  is  only  one-half  to  three-quarters  of  a  foot,   the   second  year 
about  two  feet,   the  third  year  about  three  feet;  then,    for  a  period,   as  much  as 
four  feet  per  year  may  be  realized.     This   growth  pattern  is  illustrated   by 
records  from  a  spacing  study  on  the  George  Walton  Experimental  Forest,  near 
Cordele,   Georgia  (table  1).     Note  that   during  the   fifth,    sixth,   and   seventh 
years,    4  feet  or  more  in  height   growth  was   added,   while   growth  declined  to 
about  3.5  feet  during  the  eighth  and  ninth  years. 

Poor  growth  during  the  fourth  year  is  ascribed  to  the  drought  of  1954 
and  1955.     Although  rainfall  in  1954,   the  third  growing  season,   was   about 
50  percent  of  normal,   the  height  growth  of  2.8  feet  was  about  average.    This 
is  explained  by  a  surplus  of  ground  water  resulting  from  63  inches  of  rainfall 
in  1953,  10.5  inches  falling  in  December  of  that  year.    This  surplus  apparently 
sustained  growth  during  the  extreme  drought  of  1954,   when  only  26.84  inches 

fell  throughout  the  year  but  the  combined  effect  of  the  1954-1955  drought  took 
its  toll  in  the  fourth  year.      Height  growth  is  not  correlated  with  stand  density. 



Table  1.  --Annual  height  growth  by  age  from  seed  and  spacing  for  planted  slash  pine 

Trees 

per 

acre 

Age  from  seed 

Spacing 
2  years 
(1953) 

3  years 
(1954) 

4  years 
(1955) 5  years (1956) 6  years (1957) 

7  years (1958) 8  years (1959) 
9  years (1960) 

Mean 

6  by  6 1,210 
2.0 

2.9 2.6 
3.9 

-  Feet  - 

3.8 
4.4 

2.9 

3.8 

3.3 6  by  8 908 2.3 2.8 
2.2 

4.5 

4.4 

4.2 3.1 

3.9 

3.4 

5  by  10 871 2.2 2.9 2.1 
5.1 3.6 

4.3 

2.8 2.7 

3.2 

8  by  8 681 1.6 3.0 
2.1 

4.6 4.6 4.1 3.3 

3.4 

3.3 

6  by  12 605 2.1 2.6 
2.4 

4.3 5.1 3.4 3.4 3.7 3.4 

10  by  10 436 
2.1 

2.9 
2.4 4.3 

4.6 

4.2 

3.7 3.1 

3.4 

7i  by  15 
387 

2.1 
2.7 2.6 4.5 4.3 

3.8 
4.1 

3.5 3.4 

15  by  15 194 2.1 2.7 2.4 4.2 4.2 

3.8 

3.7 

3.9 3.4 

Mean 
2.1 

2.8 

2.3 
4.4 

4.3 
4.0 3.4 

3.5 

Further  records  from  19  plantations  on  the  Forest  that  ranged  from  14 
to  18  years  in  age  show  height  growth  of  the  average  tree  to  be  about  3.0  feet 

annually  (table  2).     It  is  also  interesting  to  observe  that  the  tallest  trees  aver- 
aged 25  percent  taller   than  the  average  tree.     With  a  mean  height   of  45  feet, 

attained  at  age  15,   this  amounts  to  two  5-foot  pulpwood  bolts. 

Height  growth  of  the  dominant  stand  only,  up  to  age  25,  can  be  calculated 
from  existing  site  index  curves  (fig.    1). 

Over  a  10-year  period,  growth  declines  about  50  percent.  For  example 
on  site  65,  growth  on  a  typical  old  field  in  the  middle  coastal  plain  of  Georgia 

declines  from  more  than  3  feet  during  the  10-  to  15-year  period  to  about  1.5 
feet  during  the  20-  to  2  5-year  period.  During  the  same  period,  growth  on 
site  80  declines  from  3.9  feet  to  1.9  feet.  Although  sufficient  data  from  plan- 

tations older  than  25  years  are  not  available  for  analysis,  records  from 

natural  stands  indicate  this  rapid  decline  can  be  expected  "^o  continue  until 
little  effective  height  growth  is  realized  after  age  35  (Bennett,    1960a). 

Table  2.  --Height  growth  in  19  plantations  of  slash  pine  on  the  George  Walton  Experimental  Forest 

Age 

(years) 

Plantation 

basis 
Site  index 17 Mean  height Annual  growth Tallest  trees 

14 

Num 

5 

bar 

66 41 

-  Feet  - 
2.9 

50 

15 
11 

69 45 
3.0 

57 16 
2 69 

48 
3.0 

61 

18 
1 63 

48 

2.7 

60 

Mean 
15 — 68 

45 

3.0 
56 

\J    25-year  basis. 

2  - 
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Figure  1.- -Slash  pine  periodic  annusd  height 
growth  by  site  classes  for  5-year  periods 
as  calcxilated  from  site  index  curves. 

The  time  of  year  when  growth  occurs  is  another  point  of  interest.   Records 
from  the  second,   third,   and  fourth  growing  seasons  show  that  25  percent  of  the 
height  growth  of  young  slash  pine  was  completed  by  the  end  of  March;  by  the  end 
of  April  about  52  percent  of  the  growth  was  completed  (fig.    2).     By  the  end  of 

June  about  85  percent  of  all  growth  was  completed,   and  by  mid-August  95  per- 
cent of  all  growth  had  occurred.     No  measurements  were  made  after  October  31 

and  that  date  was  taken  as  the  point  of  completion  for  height  growth.     Only  about 
1  percent  of  the  total  growth  occurred  in  October. 

These  figures  for  slash  pine  are  quite  similar  to  data  on  loblolly  pine 
reported  by  Williston  (1951).  He  found  86  to  88  percent  of  loblolly  height 
growth  complete  by  July  4,   and  93  to  96  percent  complete  by  August  1. 

Figure  2.  --Cumulative  height  growth  for  field-planted  slash  pine. 



Old  Field  Versus  Cutover  Lands 

Table  3,  — A  comparison  of  slash  pine  height 
growth  on  old-field  and  cutover  areas 

Early  height  growth  on  old  fields  is  about  double  that  for  cutover  unfilled 
sites  (Bennett,  1956).  Numerous  plantings  in  and  near  the  Experimental  Forest 
confirm  this  (table  3).  In  this  compar- 

ison, soils  of  the  old-field  areas  are 
similar,  being  sands  and  loamy  sands 
10  to  30  inches  deep.  The  cutover  areas 
are  generally  of  the  same  series  but 
with  a  slightly  lower  elevation,  giving 
them  an  advantage  from  the  standpoint 
of  available  moisture.  No  comparison 
of  soil  properties  between  the  two  sites 
has  been  made  other  than  percolation 
rate.  One  test  of  this  feature  indicates 

the  cutover  areas  have  a  slightly  fast- 
er rate.  This  agrees  with  Lutz  and 

Chandler  (1946),  who  state  that  "The 
infiltration  capacity  of  a  forest  soil 
is  usually  decreased  as  a  result  of 

cultivation. . .  " 

Table  3  also  indicates  a  corre- 
lation between  growth  and  length  of 

time  since  cultivation- -the  more  re- 
cent the  tillage,   the  better  the  growth. 

Site  and 

years  idle 

Time  since 
planting 

Mean  height 

Years Feet 

Area  1 
Field  (2  years) 
Cutover  area 

3 
3 

5.6 
2.6 

Area  2 
Field  (2  years) 
Cutover  area 

5 
5 

11.6 

3.5 

Area  3 
Field  (5  years) 
Cutover  area 

5 
5 

10.5 4.5 

Area  4 
Field  (10  years) 
Cutover  area 

5 
5 

9.5 4.5 

DIAMETER  GROWTH 

Data  from  the  slash  pine  spacing  study  on  the  Experimental  Forest  indi- 
cate that  stand  density  first  affected  diameter  growth  during  +he  fifth  year,  when 

competition  of  a  significant  degree  developed  at  a  density  of  approximately  500 
to  550  trees  per  acre  (table  4)  (Bennett,  1960b).     The  15  by  15  spaced  tree  was 
significantly  larger  in  the  fifth  year  than  the  6  by  12  spaced  tree,    while  the  dif- 

ference between  the  15  by  15  tree  and  the  10  by  10  tree  was  not  significant. 

The  increase  in  density  effect  during  the  fifth  year  (fig.    3)  is  significant. 
At  the  end  of  4  years,   the  line  of  average  diameter  plotted  over  stand  density 
is  almost  horizontal.     A  decided  slope  develops  in  this  line  in  the  fifth  year 
and  it  intensifies  with  each  succeeding  year. 

Diameter  growth  of  all  spacings  decreased  markedly  during  the  sixth 
year  (table  5)  and  to  a  lesser   extent  in  subsequent  years.     The   decline  was 
continuous  even  in  the  15  by  15  spacing.    In  percentage,  this  reduction  between 
the  fifth  and  ninth  year  was   about  as  much  in  the  15  by  15  spacing  as  in  the 
6  by  6  spacing. 

Spacing  configuration- -that  is,   square  versus  rectangular- -has  shown 
no  correlation  with  tree  size  as  yet. 

-  4 
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Table  4.  --Mean  diameters  by  spacing  at  the  end  of  each  growing  season 

Spacing Trees 

per  acre 

Year 

(feet) 4 5 6 7 8 9 

-  -  -  Inches  -  -  - 

6  by  6 
1.210 

1.49 2.45 2.97 3.39 3.79 4,17 

6  by  8 908 1.39 2.70 3.37 
3.96 4.34 

4.68 

5  by  10 871 1.38 2.69 
3.34 4.02 

4.28 4.48 

8  by  8 681 
1.31 

2.55 3.49 
4.07 

4.47 4.82 
6  by  12 605 1.40 2.67 3.59 

4.11 
4.60 

5.02 -     10  by  10 436 
1.62 2.93 3.86 4.47 5.00 5.45 

7t  by  15 387 
1.52 

2.82 
3.73 

4.45 

5.03 
5.50 

15  by  15 194 1.55 3.02 3.96 4.74 5.44 6.09 

Figure  3.  --Regression  of  d.  b.  h.   on  stand  density. 

-  5  - 



Table  5.  --Annual  diameter  growth  by  spacings 

Spacing Year 

(feet) 5 6 7 8 9 
-  - Inches 

6  by  6 0.96 0.52 0.42 0.40 
0.38 

6  by  8 1.31 

.67 .59 .38 .34 
5  by  10 1.31 

.65 .68 .26 .20 
8  by  8 1.24 

.94 .58 .40 .35 
6  by  12 1.27 

.92 .52 .49 
.42 

10  by  10 1.31 

.93 .61 .53 
.45 

7i  by  15 1.30 
.91 

.72 .58 .47 1 5  by  15 1.47 
.94 .78 .70 

.65 

Table  6.  --Basal  areas  at  the  end  of  the 
ninth  growing  season 

Spacing 

(feet) 

6  by  6 

6  by  8 

5  by  10 
8  by  8 

6  by  12 

10  by  10 

7|  by  15 
15  by  15 

Basal  area  per  acre 

i/ 

Square  feet 

113 
105 

94 

83 
79 

70 

63 
39 

IV    Number  of  surviving  trees  per  acre 
multiplied  by  the  basal  area  of  the  average  tree. 

After  nine  growing  seasons,   the  6  by  6  spacing  has  about  three  times 
more   square  feet  of  basal   area  than  the  15  by  15  spacing  (table  6).     These 
data  were   derived  by  mioltiplying  the   tree  of  average  basal   area  by  the 
number  of  surviving  trees  per  acre.     To  that  extent  the  figures  are  an  ap- 

proximation but  they  illustrate  the  high  densities  to  be  expected  from  close 
spacings  even  with  a  small  average  diameter. 

Diameter  growth  in  older  stands  has  not  been  measured  directly  and 
can  be  determined  only  from  measurements  taken  at  various  ages.     Analysis 
of  such  data  shows  that  at  a  given  age  the   average   annual   growth   rate  of  the 
6  by  6  spacing  is  nearly  68  percent  of  the  15  by  15  spacing  (table  7).     Between 
the  tenth  and  twentieth  years  the  growth  rate  of  both  spacings  declined  about 
28  percent.     This  corresponds  with  the  trend  found  in  the  spacing  study,  where 
the  growth  rate  of  the  6  by  6  spacing  declined  about  60  percent  from  the  fifth 
to  the  ninth  year  and  the  15  by  15  spacing  dropped  about  56  percent.     For  the 
first  20  years,   mean  annual  diameter  growth  on  an  average  oid-field  site  will 
be  about  one-half  inch  for  the  1  5  by  15  spacing  and  about  one-third  inch  for 
the  6  by  6  spacing.     Intermediate  spacings  will  be  within  these  extremes. 

Table  7.  --Average  annual  diameter  growth  rate  for  two  spacings  of  planted  slash 
pine  at  different  ages  on  an  average  old-field  site  (site  65,    25-year  basis), 
after  Bennett,    McGee,    and  Clutter  (1959) 

Spacing 
Age  period 

(feet) 0  to  10  years 0  to  1  5  years 0  to 
20  years T   ̂ U«^ 

6  by  6 
0.46 0.37 

0.33 

15  by  15  ' 
.67 

.55 .48 

-   6  - 



CUBIC  AND  CORDWOOD  YIELDS 

Prior  to  1955,   isolated  and  more  or  less  piecemeal  yield  studies  of 
slash  pine  plantations  indicated  that  yields  are  influenced  by  age,    site,   and 
spacing,  of  which  only  spacing  can  be  controlled  directly  (table  8).    The  closer 
spacings  produce  the  greatest  total  cubic  and  cordwood  yield  and,    with  one 
exception,   these  cordwood  yields  are  in  proportion  to  spacing.     The  Auburn, 
Alabama,   test  showed  less   yield  at  age  14  for  the  4  by  4  spacing   than  for  the 
6  by  6.     These  yields,   however,    are  from  small  test  plots,   and  although  there 
are  spacing  replications  in  some  instances,   age  and  site  were  not  replicated. 

Since  that  time,  three  rather  comprehensive  yield  plantation  studies 
have  been   completed  within  the  slash  pine  belt.     These  studies,   in  Florida, 
Georgia,    and  Alabama  provide  a  base  for  yield  and  growth  predictions. 

Florida 

The  work  of  Barnes  (1955)  and  Barnes  and  Ralston  (1955),   who  reported 
on  planted  slash  pine  yields  in  Florida,   was  the  first  comprehensive   study  of 
slash  pine  plantation  yields  in  relation  to  age,  site,  and  spacing  (tables  9  to  12). 

These  yields  are  presented  by  spacing  and  number  of  sur-viving  trees  per  acre 
in  tables  9  and  10.     Survival  percentages   are  presented  in  table  11,   and  the 
relation  of  average   diameter  to  age,   site,   and  stand  density  is  illustrated  in 
table  12. 

Table  8.  --Slash  pine  cordwood  yields  in  relation  to  spacing 

Location 
Age 

Spacing Survival Volume  per  acre 

Years Feet Percent Cords 

Johnson  Tract, 
Louisiana  (Muntz,  1947) 12 4.3  by  4.3 53 

11.9 

5.2  by  5.2 

59 
10.0 

6.2  by  6.2 63 

9.6 
13.1  by  13.1 66 4.1 

Lake  City, 
Florida  (Florida  Forest  and 13 8  by  8 90 

25.9 

Park  Serv.  ,    1944) 10  by  10 

90 
19.5 

12  by  12 

90 

18.1 

Tallahassee, 
Florida  (Florida  Forest  and 13 8  by  8 90 

34.8 

Park  Serv.,    1944) 12  by  12 90 20.2 
16  by  16 90 

10.8 

Auburn, 
Alabama  (Ware  and  Stahelin,    1948) 14 4  by  4 

73 

28.6 
6  by  6 77 

31.0 

6  by  8 

84 

22.9 

8  by  8 76 

17.3 

9.6  by  9.6 

79 

17.5 

12  by  12 76 
15.5 

16  by  16 

82 

10.6 

BogEilusa, 
Louisiana  (Bull,    1947) 15 5  by  5 85 

18.6 

6  by  6 

91 

16.2 

8  by  8 90 

13.2 

Bogalusa, u Louisiana  (Bull,  1947) 

20 

5  by  5 — 
30.0 

6  by  6 — u 27.0 

8  by  8 — u 
26.0 

U    Includes  volume  removed  in  a  thinning  at  age  15. 



Table  9.  --Volume  yields  of  slash  pine  in  Florida  in  cords  per  acre  by  site  quality,    age,    and  spacing 
at  time  of  planting  (Barnes,  1955) 

Original 
spacing 

Site  quality  (height at  25  years) 

Age 
30 40 

50 

60 

70 

80 

10 6  by  6 
8  by  8 

10  by  10 
12  by  12 

— " 

  Cords  per 

1.3 

.6 

.3 

.1 

acre  -  -  - 5.3 

3.6 2.3 
1.3 

10.8 

8.1 6.0 
5.2 

17.7 13.8 
10.9 

8.5 

15 6  by  6 
8  by  8 

10  by  10 
12  by  12 

— 

1.4 

1.4 1.5 
1.6 

9.8 
8.1 6.7 

5.7 

19.7 
16.2 
12.9 
10.4 

31.3 
25.7 
20.7 
17.4 

43.9 
37.8 
31.5 
26.1 

20 6  by  6 
8  by  8 

10  by  10 
12  by  12 

2.7 
3.1 
3.1 

3.3 

6.0 
6.0 6.1 
6.3 

17.2 
15.4 
13.3 

11.4 

30.3 

26.0 21.9 
18.1 

45.2 
40.0 
32.3 
26.9 

61.4 

53.1 44.3 37.8 

25 6  by  6 
8  by  8 

10  by  10 
12  by  12 

5.5 
5.5 

5.6 
5.8 

9.7 
9.6 

9.6 9.6 

22.9 

20.8 
17.8 16.1 

37.7 
33.7 
27.6 
24.2 

53.8 
48.3 
40.4 
33.9 

71.5 
63.9 

53.0 44.9 

Table  10.  --Volume  (cords  per  acre)  of  slash  pine  in  Florida  by  age,  number  of  surviving  trees  per  acre, 
and  site  quality  (Barnes,  1955) 

Surviving Site  quality  (height at  25  years) 
Age trees 

per  acre 
30 40 50 60 70 

80 

Number 

200 

■   Cords 

10 

per 

1.2 

5.0 

7.8 

400 
-- -- 

0.4 2.6 6.3 
11.6 

600 -- -- 

.8 

3.9 8.5 
14.5 

800 -- 
-- 

1.2 4.9 
10.0 

16.5 

1,000 
-- -- 1.5 

5.6 

11.1 17.9 

15 200 .. 1.6 
5.7 10.2 

16.4 24.4 
400 -- 1.5 7.8 

15.6 
24.7 35.3 

600 -- 1.4 9.1 18.1 
28.6 

40.4 

800 

-- 
1.4 9.8 

19.5 30.6 43.1 

1.000 
-- 1.4 10.2 

20.4 32.0 

44.8 

20 
200 3.2 6.2 

11.4 18.1 26.3 36.1 

400 3.0 6.0 15.1 25.7 
37.7 51.1 

600 2.8 5.9 16.6 
28.7 42.1 56.8 

800 2.7 6.0 17.4 30.2 
44.4 59.8 

1.000 
2.5 

6.0 

17.9 
31.2 45.8 61.7 

25 200 
5.6 

9.6 

16.2 
24.3 33.9 44,9 

400 5.5 9.6 20.6 32.8 46.7 61.7 

600 5.5 9.7 22.2 
36.0 

51.3 
67.8 

800 5.6 9.8 23.1 
37.7 

53.7 
71.0 

1.000 
5.7 9.9 23.6 38.7 

55.1 
72.9 

-  8 



Table  11.  --Survival  percentage  of  slash  pine  in 
Florida  by  age  and  site  quality  (Barnes,  1955) 

Yield  in  Relation  to  Stocking 

Age 
Site  quality  (height  at  25  years) 

30 40 
50 60 

70 

80 -  - -  -  -  Survival  percenta 

ge  -  - 
10 63 70 74            77            79 

81 
15 56 63 68           71            73 74 

20 53 60 65           68           70 71 

25 51 
58 

63           66            68 69 

On  sites  50  and  above,   the  closer 

spacings    give  the   greatest   cordwood 
yield.     Below  site  50,    spacing  has  little 
effect  on  yields.     Apparently  on  these 

poor  sites  only  a  few  trees  can  efficient- 
ly utilize  the  site  potential. 

Table  12. --Average  d.  b.  h.   of  entire  stand  of  slash  pine  in  Florida  by  site  quality,   age,   aind  spacing 
at  time  of  planting  (Barnes,  1955) 

Age Original 
spacing 

Site  quality  (height  at  25  years) 

30 
40 

50 

60 70 

80 

10 6  by  6 1.7 
1.8 

  D.  b.  h. 

3.0 
(inches)  -  — 

3.8 

4.4 

4.6 
8  by  8 1.7 1.8 3.2 4.3 5.0 

5.4 
10  by  10 1.9 2.1 

3.5 

4.6 

5.4 

6.0 
12  by  12 

2.1 
2.3 3.7 4.9 

5.9 

6.4 

15 6  by  6 2.2 2.9 4.1 
4.9 

5.5 5.7 
8  by  8 2.3 3.4 

4.8 
5.7 6.5 7.0 

10  by  10 2.5 4.1 
5.4 

6.5 
7.4 

8.0 
12  by  12 2.6 4.3 5.8 

7.0 
8.0 

8.6 20 6  by  6 
2.4 3.8 

4.9 
5.8 6.4 6.6 

8  by  8 3.0 
4.5 

5.8 6.8 

7.6 

8.0 
10  by  10 3.5 5.2 6.5 

7.6 

8.4 9.0 
12  by  12 3.8 5.6 7.0 

8.3      , 
9.2 

9.8 

25 6  by  6 3.0 4.4 
5.5 

6.4 7.0 

7,4 
8  by  8 3.6 

5.2 

6.5 
7.5 8.3 

8.9 
10  by  10 4.3 

6.1 
7.4 

8.5 9.2 9.8 
12  by  12 4.7 

6.5 

7.8      . 
9.1 

10.0 
10.7 

Yields  on  the  better  sites  indicate  a  stocking  limit  beyond  which  little 
growth  can  be  realized  on  additional  stocking  levels  (table  13).     Use  of  table 

13  is  as  follows:    From  the  16-  to  20-year  growth  period  note  that  on  site  70 
and  for  a  stocking  of  400  trees  there  are  24.7  cords,   and  that  during  the  16- 
to  20-year  period  annual  growth  on  this  stocking  is  2.60  cords.     Now,   for 
600  trees  per  acre  there  is  a  stocking  of  28.6  cords,   or  3.9  cords  more  than 

the  400-tree  stocking  level;  annual  growth  on  the  28.6  cords  equals  2,70  cords 
for  the  16-  to  20-year  period.     Thus  the  additional  stocking  of  200  trees  and 
3.9  cords  increased  the  annual   growth  by  only  0.10  cord.     This   amounts  to 

2.6  percent  growth  on  the  added  stocking  of  3.9  cords.    For  the  16-  to  20-year 
period,    growth  on  stockings  beyond  400  trees  per  acre  is   generally  less  than 

3  percent.     For  the  21-  to  25-year  period,    growth  on  stocking  levels   beyond 
200  trees  per  acre  is  usually  less  than  2  percent. 



Table  13.  --Periodic  annual  growth  by  age,   site,   and  stand  density,  and  growth  added 
by  additional  stockings  beyond  given  base  stockings 

GROWTH  PERIOD  16  TO  20  YEARS 

Site Tree  stocking 
at  age  15 

Periodic 
annual 

growth 

Annual  growth  on  additional  stocking  units  of-- 

200  trees 400  trees 600  trees 800  trees 

Number      Cords 

50 

60 

70 

80 

Cords Cords    Percent     Cords     Percent     Cords    Percent     Cords    Percent 

200 5.7 1.14 0.32 
15.2 

0.36 
10.6 

0.38 9.3 0.40 8.9 
400 7.8 

1.46 

.04 

3.1 

.06 3.0 
.08 

3.3 -- -- 

600 9.1 1.50 

.02 

2.9 

.04 

3.6 -- -- _- _- 

800 
9.8 

1.52 
.02 

5.0 

.- 

-- _. .- .- _. 

1,000 
10.2 

1.54 -- 
-- -- -- -- -- -- -- 

200 10.2 1.58 

.44 
8.1 .55 

7.0 

.56 

6.0 
.58 

5.7 
400 15.6 

2.02 

.11 

4.4 

.12 3.1 

.14 

2.9 

-- 

-- 
600 18.1 2.13 

.01 

.7 

.03 

1.3 -- -- -- -- 

800 19.5 
2.14 

.02 

2.2 -- _. -- -- .. .. 

1.000 
20.4 

2.16 -- 
-- -- -- -- -- -- — 

200 16.4 1.98 
.62 

7.5 

.72 5.9 
.78 

5.5 

.78 

5.0 
400 24.7 2.60 

.10 
2.6 

.16 
2.7 

.16 

2.2 -- -- 
600 28.6 

2.70 
.06 

3.0 

.06 

1.8 

-- 

-- -- -- 
800 30.6 2.76 

.00 

-0.4 

-- -- -- -- -- -- 

1.000 32.0 2.76 
-- 

-- 
-- -- -- -- -- -- 

200 24.4 2.34 

.82 

7.5 

.94 

5.9 1.00 
5.3 1.04 

5.1 

400 35.3 
3.16 

.12 

2.3 

.18 
2.3 

.22 

2.3 _. 
600 40.4 3.28 

.06 2.2 
.10 

2.3 
-- 

.. 
800 43.1 

3.34 
.04 

2.3 
-. 

-- 

-. __ 

1,000 
44.8 

3.38 
-- 

-- 
-- ..  . -- — — — 

(Tree  stocking 
at  age  20) 

GROWTH  PERIOD  21  TO  25  YEARS 

50 

60 

70 

80 

200 11.4 

.96 .14 

3.8 

.16 

3.1 
.18 

3.0 
400 15.1 1.10 

.02 

1.3 

.04 

1.7 

.04 

1.4 
600 16.6 1.12 

.02 

2.5 

.02 

1.5 
-- -- 

800 17.4 
1.14 

.00 

-0.2 

-- -- — -- 

1,000 
17.9 

1.14 
-- — — 

-- 

— — 

200 18.1 
1.24 

.18 

2.4 

.22 
2.1 

.26 

2.1 
400 25.7 

V.42 .04 

1.3 

.08 

1.8 

.08 

1.4 

600 28.7 1.46 

.04 

2.7 

.04 

1.6 

.- 

-- 
800 30.2 1.50 

.00 

-0.2 

.- -- 

-. 

-- 

1.000 31.2 1.50 -- -- -- -- -- -- 

200 26.3 1.52 .28 
2.5 

.32 
2.0 

.34 

1.9 

400 37.7 1.80 

.04 

.9 

.06 .9 
.06 

.7 

600 42.1 1.84 
.02 

.9 

.02 .5 

-- 

-- 
800 44.4 1.86 

.00 

-0.1 

-- 

-- -- -- 

1,000 
45.8 1.86 -- -- -- -- -- — 

200 36.1 1.76 

.36 

2.4 

.44 

2.1 

.48 

2.0 
400 51.1 2.12 

.08 

1.4 

.12 
1.4 

.12 

1.1 
600 56.8 

2.20 
.04 

1.3 

.04 .8 

__ .. 
800 59.8 2.24 

.00 

-0.1 

_- _. __ 

1,000 61.7 2.24 

-- 
-- -- -- -- — 

.18 

.26 

.34 

.48 

2.8 

2.0 

1.7 

1.9 
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Two  hundred  trees  per  acre  will  produce  57  to  64  percent  of  the  yield  of 
1,000  trees   at  age  20,   and  60  to  69  percent  of  the  1,000-tree  yield  at  age  25. 
One  thousand  trees  per  acre  yield  55.1  cords  at  age  25,   while  200  trees  yield 
33.9  cords,   or  62  percent  of  the   1,000-tree  yield.     Further,   four  hundred 
trees  produce  46.7  cords,   or  85  percent  of  the  1,000-tree  yield;   this  leaves 
60  percent  of  the  trees  producing  15  percent   of  the  jdeld.     Production  by 
200-tree  units   is  outlined  in  figure  4.     Beginning  with  the  first  200  trees, 
production  drops  drastically  through  the  third  200-tree  unit,  but   the  decline 
is  more  gradual  thereafter. 

35 
1                 1                 1                 1 

30 

y   25  YEARS 

— 

25 —              \     \ — 

=^  20 w  \                Or\    YC  A  DC 

1^  \           CKJ    T  L  AKo 

^ 

1" 
—                 \          \\ — 

10 —                             \     \\ 
— 

5 

15  YEARS-''''\^\\ 

1                1                1                 1 

— 

0 12                  3                 4 
UNITS   OF    200    TREES 

5 

Figure  4.  --Comparison  of  yields  by  200-tree  units. 
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Table  14.  --Net  returns  from  site  preparation  ex- 
penditures at  various  interest  charges  when  the 

quality  of  a  forest  site  is  raised  7  feet  to  the 
old-field  level  at  25  years  Ll 

3  PERCENT  INTEREST 

Cost 

per  acre (dollars) 

Site  class 

30 40 50 

60 70 

Net  return  in  dollars 

Yield  in  Relation  to  Site 

For  each  10-foot  increase  in  site 
index  there  is  a  sizable  yield  increase. 
The  percentage  increase  in  yield  per 
unit  increase  in  site  is  much  larger  for 
the  lower   sites,   but  the  numerical  in- 

crease in   cords,   of  course,   is   larger 
on  the  better  sites.    For  example,  look- 

ing at  the  6  by  6  spacing,   the  increase 
in  yield  at  age  25  of  site  40  over  that 
of  site  30  is  4.2  cords,   or  7  6   percent, 
while  the  increase  in  yield  of  site  80 
over   site  70  is  17.7  cords,   or  an  in- 

crease of  only  33  percent. 

Barnes   (1955)   suggests  the  site 
index  of  a  given  soil  type  with  a  history 
of  cultivation  will  be  7  feet  higher  at  age 
25  than  that  of  a  forest  soil  of  the  same 
physical  characteristics.     Accordingly, 
old-field  sites  of  50  or  more  will  yield 
5   to   12   cords  more  per  acre  at  age  25 
than  forest  sites  of  the  same  soil  clas- 

sification.    Presumably  cultivation  has 
reduced  vegetative  competition  for  soil 
moisture  and  nutrients,   and   residual 
fertilizer  may  have  beneficial   effects. 
These  are  the   same   general   effects 
produced  by  site  preparation  and  ferti- 

lization.   Thus,  using  old-field  yields  as 
a  basis  of  comparison,   a  rough  guide  to 
the  profitability  of  site  improvement 
can  be  set  up  (table  14).     Assuming  a 
forest  site   can  be  raised  to  the  old- 
field  level  (7  feet),   site  preparation 
would  not  pay  on  site  30  at  an  interest  charge  of  3  percent  or  more  if  the  cost 
were  ten  dollars  or  more.    In  slash  plantings,  these  very  low  sites  are  usually 
associated  with  deep  sands,   such  as  the  Kershaw   series,   which  are  low  in 

organic  content.    Ralston  and  McGee  (1962)  suggest  that  soils  with  an  Aj^  hori- 
zon of  less  than  six  inches  (the  depth  to  which  organic  matter  is  incorporated 

into  the  soil)  be  assigned  a  low  priority  for  site  preparation  treatment.     Their 
work  showed  that  response  to  complete  site  preparation  on  low  forest  sites, 
principally  deep  sands  with  shallow  A^  horizons,   was  not  sufficient  to  justify 
the  expense. 

10 

1/--          26.00         37.56       46.01 
48.61 15 15.39        27.09       35.54 38.14 

20 

4.92         16.62       25.07 27.67 
25 6.16        14.61 17.21 30 

4.14 6.74 35 -- -- 

4  PERCENT  INTEREST 

10 

20.14         31.84       40.29 
42.89 

15 6.81         18.51       26.96 
29.56 20 

5.18       13.63 
16.23 

25 

.31 

2.91 30 .. 

-- 
35 -- -- 

5  PERCENT  INTEREST 10 

12.94         24.64       33.09 
35.69 

15 7.70       16.15 18.75 
20 

.. 1.82 
25 -- -- 

6  PERCENT  INTEREST 

10 3.88         15.58       24.03 26.63 
15 

2.57 
5.17 

20 

.. 

-- 25 

-- -- 

\J  Based  on  yields  from  an  8  by  8  spacing  and 
a  stumpage  price  of  $6.50  per  standard  cord.  The 

figure  would  vary  slightly  fc-  other  spacings. 

2_l    Dashes  represent  negative  values. 
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Interest 
charge 

percent 

Initial  site  class  (feet) 

30 
40 

50 
60 

70 

Table  15. --Maximum  allowable  expenditure  for  With  COStS   Compounded  at   3  per- 
site  preparation  with  stumpage   at  $  1 3  00     a  ^  25   years,   the   maximum  profit- rotation  of  25  years,    and  a  site  increase  of  j  >  r- 
7  feet  able   expenditure   on  any  site   would  be 

$30  per   acre   unless  the   site   quality 
were  increased  by  more  than  7  feet; 

at  4  percent,  it  would  be  $25;  at  5  per- 
cent, $20;  and  at  6  percent,  $15.    Note 

also  the  indicated  maximum   expendi- 
ture applies  to  sites  60  and  7  0. 

The  figures  in  table  14  are  rela- 
tive to  the  returns  from  site  prepara- 
tion based  on  today's  stumpage  prices. 

However,   stumpage  has  about  doubled 
in  the  past  15  years,   and  if  stumpage  prices  double  again  in  the  next  25  years, 

the  maximum  allowable  expenditure  for  site  preparation  will  increase  accord- 
ingly (table  15).     Likewise,   if  measures  increasing  the  site  quality  by  more 

than  7  feet  can  be  developed,   expenditures  can  be  increased  in  proportion. 

20.00 44.00 63.00 3 55.00 66.00 
4 15.00 35.00 43.00 50.00 52.00 

5 12.00 27.00 34.00 39.00 41.00 

6 -- 21.00 27.00 31.00 32.00 

Yield  in  Relation  to  Age 

Depending  on  stocking,   mean  annual  growth  culminates  on  sites  of  in- 
dex 50  or  more  at  18  to  25  years  of  age  (fig.  5).    Growth  does  not  culminate 

by  age  25  on  sites  below  50.     Growth  culminates   earlier  where  spacing  is 
close  than  where  it  is  wide. 

SITE  60 

15  20 
AGE  (YEARS) 

SITE    50 

10  15  20 

AGE  (YEARS) 

i 

T 

SITE  70 

15  20 

AGE  (YEARS) 

NUMBERS  IN  CURVES  ARE 
TREES  PER  ACRE 

25 

Figure  5.  --Mean  annual  cordwood  growth  for  the  50-,   60- 
and  70-foot  site  classes. 
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Georgia  and  the  Carolinas 

Yields  for  the  middle  coastal  plain  of  Georgia  and  the  sandhills  of  the 
Carolinas  were  published  in  1959  (Bennett,   McGee,   and  Clutter,    1959). 

Volume  data  from  308  plots  were  correlated  with  age,  site,  and  stand  density- 
through  regression  analysis.     These  variables  accounted  for  86  percent  of 
the  variation  in  yields.     The  following  functions  of  these  variables  were 
established  as  highly  significant: 

The  reciprocal  of  plantation  age 

Site  (height  of  dominant  stand  at  age  25) 

The  logarithm  of  effective  space  per  tree  (original  space 
per  tree  divided  by  percent  survival) 

The  reciprocal  of  site  index 

Tables  16  and  17  present  volume  yields  in  cubic  feet  for  the  various  age, 
site,   and  stand  density  combinations.     Survival  percentages  used  in  computing 
these  yields  are  listed  in  table  18.     The  effect  of  age,    site,   and  stand  density 
on  diameter  growth  is  illustrated  in  table  19. 

When  the  tables  are  used  to  estimate  the  actual  yield  obtainable  from 
plantations  where   mortality  occurs  in  clusters,   some  adjustment  of  the 
tabiilar  yields  may  be  required.    Such  adjustments  are  necessitated  because 
the  sample  plots  contained  no  openings  or  voids  of  measurable  size.     Trees 
often  tend  to  die  in  groups,  however,  leaving  openings  or  voids  of  measurable 
size  within  the  plantation.     To  arrive  at  a  reasonable  yield  estimate,   these 
voids  must  be  accounted  for  in  the  total  plantation  acreage.    Use  of  the  yield 
tables  is  explained  in  detail  by  Bennett,   McGee,   and  Clutter  (1959). 

Yield  in  Relation  to  Stocking 

Growth  in  Georgia  and  the  Carolinas,   unlike  that  in  Florida,   does  not 
culminate  in  relation  to  spacing  on  any  site  by  age  20.    Data  were  insufficient 
for  a  valid  analysis  of  yields  at  age  25.    Cordwood  yields  for  the  closer  spac- 
ings  are  somewhat  higher  in  Georgia  than  in  Florida,   while  yields  for  the 
wider  spacings  are  about  the  same  for  the  two  states.    A  difference  in  aver- 

age diameter  accounts  for  most  of  the  variation  in  yields  (table  20).    For  the 
6  by  6  spacing,   the  Georgia  mean  diameter  is  0.3  to  0.7  inch  larger  than  that 
of  the  Florida  planting,   but  except  for  site  70,   the  wider  spacings  have  about 
the  same  average  diameter. 

As  in  Florida,  plantation  density  can  be  reduced  without  a  proportionate 
reduction  in  yield  (table  21).     The  15  by  15  spacing  has  only  16  percent  as 
many  trees  as  the  6  by  6,   but  it  produces  47  percent  of  the  yield  of  the  closer 
spacing.     The  12  by  12  spacing,   with  25  percent  as  many  trees  as  the  6  by  6 
spacing,   produces  57  percent  of  the  6  by  6  yield.     This  is  because  volume 
does  not  vary  directly  with  diameter,   but  rather  in  proportion  to  the  square 
of  diameter.    The  average  diameter  of  the  6  by  6  spacing  at  age  20  on  site  7  0 
is  7.1  inches,   while  that  of  the  12  by  12  spacing  is  9.6  inches.     This  is  a  35 
percent  increase  in  average  diameter,   but  the  volume   increase  for  this 
average  tree  is  about  100  percent. 
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Table  16.  --Yields  (outside  bark)  of  slash  pine  plantations  of  the  middle  coastal  plain  of  Georgia  and 
the  Carolina  Sandhills  i/  (Bennett,  McGee,   and  Clutter.  1959) 

TOP  DIAMETER  4.0  INCHES  OUTSIDE  BARK 

Age Original 
spacing 

Site  index  (age  25) 

(years) 
40 45 

50 

55 60 

65 

70 

75 

10 

15 

20 

Feet 

6  by  6 
6  by  8 

8  by  8 
10  by  10 
15  by  15 

6  by  6 
6  by  8 
8  by  8 

10  by  10 
1 5  by  1 5 

6  by  6 
6  by  8 

8  by  8 

10  by  10 
15  by  15 

135 240 

v^uuic  lee 

per  acre 
657 

788 
"   ~  ~ 61 

369 
511 912 

54 

119 
212 327 451 

582 
697 809 48 

106 188 
289 400 515 

617 712 
40 88 156 241 333 

428 

514 
593 29 65 115 

177 
244 315 

377 

435 

237 
522 

926 
1,426 1.972 2.539 3,042 

3,526 

209 461 819 
1.262 1.745 

2.246 
2,691 

3,120 
186 

409 
726 

1.118 
1.546 1.989 2,384 2.761 

155 340 
605 

931 
1.287 

1,657 1,986 2.303 114 250 
443 

684 
946 

1,218 1,459 
1.699 463 

1,020 1,812 2,790 3.858 4.967 
5,952 6.800 

410 902 
1,603 2.468 3.412 

4.393 

5,230 5.990 

363 
799 

1.419 2.185 

3.022 3,891 4,595 5.260 
302 666 

1,183 1,822 2.519 3.210 3,800 
4.315 222 490 

871 
1.341 1.834 2,310 2.790 3.275 

TOP  DIAMETER  3.0  INCHES  OUTSIDE  BARK 

10 

15 

20 

6  by  6 127 252 
414 599 

789 976 

1,134 1.291 
6  by  8 112 221 363 525 

692 
856 

994 
1,125 

8  by  8 
98 

194 318 460 607 751 872 981 
10  by  10 

81 
159 262 379 499 617 727 

824 15  by  15 57 114 188 272 358 443 
545 654 

6  by  6 389 
772 

1,267 1,835 2,417 2.989 
3.473 3.918 

6  by  8 342 677 
1,111 1,608 2,119 2.621 3,045 3.436 

8  by  8 300 595 
975 

1,413 
1,860 2.302 2,675 

3.014 
10  by  10 247 

489 
802 

1.161 1,529 1,892 2,199 
2.480 

15  by  15 177 
351 577 

835 

1,099 1,360 1,580 1.787 
6  by  6 679 

1.344 2.206 3,193 4.206 

5,204 6.046 

6,905 6  by  8 595 
1.178 1,934 2.799 

3,687 4,532 
5.300 6,120 

8  by  8 522 
1,035 1,698 2.458 3.238 4,005 

4.654 5,300 

10  by  10 430 851 
1,397 2,022 

2.664 3,296 3.886 
4,410 15  by  15 309 613 

1.006 1.456 1.917 
2.387 2.860 3.369 TOP  DIAMETER  2.0  INCHES  OUTSIDE  BARK 

10 6  by  6 153 
300 487 

697 
908 

1.112 
1.279 1,431 

6  by  8 134 262 
426 

609 793 971 

1,117 1,263 
8  by  8 117 229 

372 
532 694 

849 
977 

1,088 10  by  10 96 187 
304 

435 

567 
694 798 

889 15  by  15 68 133 
216 

309 
403 493 

600 700 

15 6  by  6 441 863 
1.399 

2,002 2,609 3.195 
3,676 4,103 

6  by  8 386 753 
1.222 1.748 2.279 2.790 3,209 3,585 

8  by  8 337 660 
1.069 1.530 

1.994 
2.441 2.809 

3.133 

10  by  10 276 
539 874 1.251 1.630 1.996 2.296 

2.563 

15  by  15 196 
384 

622 
890 

1.160 1,420 1.634 1.829 20 6  by  6 744 
1.454 2,357 3,374 4.397 

5,384 6.212 7.000 
6  by  8 650 

1.270 2,059 
2,946 3.840 4.702 

5.500 6,200 

8  by  8 568 
1.110 1.801 2.577 

3.359 4.112 4,780 
5,410 

10  by  10 
465 908 

1.473 2,108 
2,748 

3,387 3,980 4.512 
15  by  15 331 

648 

1,050 1,503 
2,000 

2,490 2.980 
3,470 1/  Includes  all  trees  4.6  inches  in  diameter  and  larger. 
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Table  17.  --Yields  (inside  bark)  of  slash  pine  plantations  of  the  middle  coastal  plain  of  Georgia  and 
the  Carolina  Sandhills i/  (Bennett.   McGee,    and  Clutter,  1959) 

TOP  DIAMETER  4.0  INCHES  INSIDE  BARK 

Age Original 
spacing 

Site  index  (age  25) 

(years) 40 
45 

50 55 60 

65 

70 75 

10 

15 

20 

f  ee I -   -   - 
6  by 

6 
25 

62 118 193 280 
376 

464 552 6  by 

8 23 55 
106 172 

250 
334 

413 493 8  by 

8 20 
49 

94 

153 222 
297 368 437 10  by 

10 17 
41 79 

129 
187 250 

310 367 
15  by 

15 
13 

31 59 

96 139 186 231 298 
6  by 

6 122 297 570 930 

1,346 1,802 2,228 2,655 

6  by 

8 109 265 
507 830 

1,197 1,603 1,981 2,382 

8  by 

8 97 2  36 451 737 

1,068 1,428 1,766 2,120 

10  by 

10 
82 198 380 619 

897 
1,200 

1,484 1,783 

15  by 15 
61 148 283 

462 669 
895 

1,106 1,330 

6  by 

6 268 650 
1,243 2,028 2,938 

3,931 4,700 5,460 

6  by 

8 238 578 
1,106 1,804 2,613 

3,487 

4,200 
4,900 

8  by 

8 212 515 985 

1,607 2,328 3,091 3,718 4,328 

10  by 

10 
179 433 828 

1,351 1.958 
2,587 3,173 3,683 

15  by 15 
133 323 619 

1,009 
1,439 

1,897 2,360 2,775 TOP  DIAMETER  3.0  INCHES  INSIDE  BARK 

10 

15 

20 

6  by  6 62 
130 

225 

340 

462 

587 
696 800 

6  by  8 
54 

115 199 

300 

408 

518 

615 708 

8  by  8 
48 

102 176 265 
360 

458 

543 
622 

10  by  10 40 85 
146 

220 
299 380 451 

516 15  by  15 29 62 107 160 218 277 
350 

414 

6  by  6 220 
468 

808 

1,218 1,657 
2,104 2,497 

2,870 
6  by  8 

195 413 714 
1,075 

1,462 
1,857 2,204 

2,533 
8  by  8 

172 365 
631 950 

1,293 1,642 1,949 2.237 10  by  10 143 303 
524 

789 

1,074 1,363 
1,618 

1,859 15  by  15 
105 221 

383 576 

785 

997 
1,183 1,372 6  by  6 416 

881 1,523 2,295 
3,121 

3,965 4,750 
5,510 

6  by  8 367 
778 

1,344 2,025 2,755 
3,510 

4,225 
4.950 8  by  8 324 

687 1,188 1,790 2,435 
3,093 

3,760 
4.393 10  by  10 270 

571 
987 

1,488 2,023 2,620 3,239 
3,750 

15  by  15 197 
418 722 

1,089 1,481 
1,956 

2,418 
2,890 TOP  DIAMETER  2.0  INCHES  INSIDE  BARK 

10 6 

by 

6 79 
164 

278 418 
551 

689 806 

914 6 

by 

8 70 144 244 362 
485 

607 710 

807 8 

by 

8 61 127 215 
319 

427 
534 

624 

706 

10 

by 

10 
51 

105 
178 

263 352 441 515 

582 
15 

by 

15 
37 76 

129 
191 

255 
319 400 

465 

15 6 

by 

6 259 
537 

911 

1,349 1,806 2.260 
2,644 2,997 

6 

by 

8 
227 472 801 

1,186 1,588 1,988 
2,326 2,637 

8 

by 

8 
200 417 

706 

1.046 1,400 1.752 2,050 
2,320 

10 

by 

10 166 
344 

583 
864 

1,157 
1,447 1,693 1,918 

15 

by 

15 
120 249 

422 
626 838 

1,049 1,227 1,391 
20 6 

by 

6 466 968 
1,640 

2.430 3.253 4,072 
4,861 

5.611 

6 

by 

8 410 
851 1.443 2,138 2.861 

3,581 4,309 
5,000 

8 

by 

8 361 750 
1.271 1.883 2.520 

3,211 3,850 4,491 
10 

by 

10 298 620 

1,051 1,556 2.084 
2,680 3,297 

3,840 

15 

by 

15 
217 450 

763 

1,130 1.546 
2,014 2,489 

2,979 1/  Includes  all  trees  4.6  inches  in  diameter  and  larger. 
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Table  18.  --Survival  by  age  and  stand  density 
(Bennett,   McGee,   and  Clutter.  1959) 

Spacing 
Age 

(years) (feet) 10 

15 

20 

-  Percent  - 

6  by  6 

73 
70 

68 

6  by  7 74 

71 

69 

6  by  8 74 72 70 

8  by  8 

75 73 

71 

8  by  10 
76 74 

72 

10  by  10 

78 
76 74 

15  by  15 

88 

86 

84 

Table  19.  --Average  diameter  at  breast  height  of  entire  stand  by  age,   spacing,   and 
site  index  (age  25)  (Bennett,  McGee,   and  Clutter,  1959) 

Age Original 
spacing 

Surviving 

trees 

per  acre 

Site  index 

(years) 
40 

45 

50 

55 60 

65 

70 

75 

Feet Number -  -  ■ 

  Inc 

1 

10 6  by  6 886 3.5 3.8 
4.0 

4.2 4.4 
4.6 4.9 

5.2 
6  by  8 672 

3.8 
4.0 

4.3 4.5 
4.7 

4.9 

5.2 

5.5 
8  by  8 513 4,0 

4.3 4.5 
4.8 5.1 5.2 5.6 5.9 

10  by  10 341 4.4 4.7 5.0 5.3 
5.6 5.7 

6.2 

6.5 

12  by  12 249 4.8 
5.1 5.4 

5,7 6.0 

6.2 

6.6 7.0 
15  by  15 171 5.2 

5.6 5.9 
6,2 6.6 6.7 

7.2 

7.6 

15 6  by  6 858 4.0 
4.3 4.6 4,9 

5.2 

5.6 5.9 

6.3 
6  by  8 651 4.2 4,6 

4.9 

5,2 5,6 5.9 
6.3 6.7 

8  by  8 497 
4.5 

4.9 5.2 
5.6 5.9 

6.3 

6.7 

7.1 
10  by  10 331 5.0 5.3 

5.7 
6.0 

6.5 

7.0 7.4 7.9 
12  by  12 243 5.3 5.7 6.2 6.6 

7.0 

7.5 

8.0 8.4 
15  by  15 167 5.8 6.3 6.7 7.2 7.7 8.2 8.7 

9.2 
20 6  by  6 830 4.4 

4.8 
5.2 

5.7 
6.1 

6.6 

7.1 7.7 
6  by  8 631 4.7 

5.1 
5.6 6.1 

6.5 
7.1 7.6 8.2 

8  by  8 
482 

5.0 
5,5 

6.0 
6.4 7.0 

7.5 

8.1 

8.7 
10  by  10 322 5.5 

6.0 

6.5 
7.1 7.7 

8.3 

8.9 

9.5 
12  by  12 236 

5.9 
6.5 

7.0 
7.6 

8.2 
8.9 9.6 

10.3 

15  by  15 162 6.5 

7.1 
7.7 

8.3 9.0 

9.7 
10.4 11.2 
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Table  20.  --Average  diameters  at  age  20  for  Georgia  and  Florida  slash  pine  plantations -i/ 

Site  class 

Spacing 
(feet) 

50 60 70 

Florida Georgia Florida Georgia Florida 
Georgia 

6  by  6 
4.9 

5.2 5.8                          6.1 6.4 7.1 

8  by  8 5.8 6.0 6.8                          7.0 7.6 8.1 

10  by  10 
6.5 6.5 

7.6                           7.7 

8.4 

8.9 

12  by  12 7.0 7.0 8.2                           8.2 9.2 9.6 

\J  Georgia  data  from  Bennett,   McGee,    and  Clutter  (1959)  and  Florida  data  from  Barnes  (1955). 

Table  21. — Percentage  yields  at  age  20  of 
various  spacings  in  relation  to  the  6  by  6 
spacing  as  a  standard 

Table  22.  --Cordwood  yield  increases  at  age  20 
by  5 -foot  site  increments 

Spacing 
(feet) 

Trees 

per  acre 

Stocking 
Yield 

Site 

improvement 
(feet) 

Spacing 

6  by  6       8  by  8      10  by  10    15  by  15 

Number Percent Percent 

Cords    6  by  6 
1,210 

100 100 40  to  45 
6.1 

4.7 

4.0 2.9 

8  by  8 680 56 77 45  to  50 

8.6 

6.7 

5.6 

3.8 

10  by  10 436 36 64 50  to  55 10.6 8.3 6.9 5.1 

12  by  12 305 
25 

57 55  to  60 
11.6 

9.1 7.6 

5.4 15  by  15 194 16 47 60  to  65 

65  to  70 

12.0 

10.7 9.4 
7.7 7.6 

6.4 5.2 5,2 

70  to  75 9.2 

7.2 

5.6 

5.2 

Yield  in  Relation  to  Site 

Yields  at  age  20  for  a  mininnum  top  diameter  of  4  inches  increase  about 
1,370  percent  from  site  40  to  site  75,   with  the  biggest  increases  in  the  lower 
site  classes.     For  example,   the  yield  from  site  class  45  is  120  percent  above 
that  of  site  class  40,   while  the  yield  from  site  7  5  is  only  about  14  percent 
above  that  of  site  70.     The  larger  yield  increases  occur,   of  course,    on  the 

better  sites,   with  a  peak  at  about  site  60.     Because  of  the  larger  yields  indi- 
cated for  Georgia,    effective  site  improvement  would  pay  even  better  dividends 

there  than  in  Florida,  especially  in  the  closer  spacings  (table  22).    Increasing 
the  site  quality  of  an  8  by  8  planting  from  60  to  65  feet  would  result  in  a  yield 
increase  at  age  20  of  9.4  cords,   which  is  an  increase  of  $61.10  in  stumpage 
value  at  an  average  of  $6.50  per  cord.     This  stumpage  increase  will  vary  with 
both  site  and  spacing,    as  indicated  by  volumes  in  table  22,   but  the  potential 
profits  from  increases  of  5  feet  or  more  in  site  quality  are   substantial  for  all 
spacings  on  the  better  sites,   i.  e. ,   those  with  index  of  50  or  more. 
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Yield  in  Relation  to  Age 

Mean  annual  increment  has  not  culminated  at  age  20  for  any  site  or 

spacing  (fig.  6),  but  the  6  by  6  spacing  on  site  70  does  indicate  an  approach- 
ing culmination.    In  fact,  curves  for  all  spacings  on  site  70  are  leveling  some- 

what by  age  20,   indicating  that  culmination  will  occur  within  a  few  years. 
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Figure  6.  --Mean  annual  cubic-foot  growth--by  site  and  spacing. 
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Alabama 

Goggans  and  Schultz   (1958)   related  slash  pine  plantation  yields   in 
Alabama  to  stand  density  and  dominant  height.    Data  from  69  plots,  averaging 
54  percent  in  survival  and  11  years  of  age,   were  subjected  to  regression 

analysis.     The  regression  shows  a  5-cord  increase  in  yields  for  each  5-foot 
increase  in  dominant  height  (table  23).     For  each  100-tree  increase  in  stock- 

ing,  yields  increase  1.32  cords.     This  constant  increase  in  yields  per  unit 
increase  in  stocking  is  at  variance  with  Barnes  and  Ralston's  (1955)  work  in 
Florida,   but  the  Alabama  yields  show  the  same  pattern  as  the  Florida   and 
Georgia  yields  with  respect  to  the  high  proportion  of  yield  attributable  to  the 
first  400  trees. 

A  table  of  estimated  heights  in  relation  to  age,    surface  soil  depth,   and 
silt  plus  clay  content  of  the  surface  soil  is  useful  in  estimating  yields  from 
bare  soils  (table  24).     Yields  that  accompany  a  dominant  height  of  50  feet 
can  be  attained  from  12  to  16  years  of  age,   depending  on  surface  soil  char- 

acteristics.    Yields  for  a  dominant  height  of  40  feet  will  be  produced  from 
9  to  15  years  of  age,    according  to  surface  soil  depth  and  silt  plus  clay  content. 

Table  23.  --Estimated  merchantable  volume  per  acre  of  9-  to  16-year  old  slash  pine  plantations 
in  Alabama's  coastal  plain  (Goggans  and  Schultz,  1958) 

Number  of Height  of  tallest  trees  (feet) 

trees  per  acre 25 30 

1/35 

40 

45 

50 
400 

500 
^600 

700 

800 

900 

1,000 

^0.30 

1.62 

2.94 
4.26 

5.58 
6.90 

8.22 

Cords 

5.39 

6.71 

8.04 
9.36 

10.68 

12.00 

13.32 

10.49 
15.59 20.69 

11.81 16.91 22.01 
4/13.13 

18.23 23.33 

14.46 19.55 24.65 

15.78 20.87 
25.97 

17.10 22.20 
27.29 

18.42 23.52 

^28.62 

25.78 

27.11 

28.43 
29.75 

31.07 

32.39 

33.71 

1/  Average  height  was  37.2  feet. 
2/  Five  percent  confidence  limits  at  this  point  are  i  1.49. 
3/  Average  number  of  trees  per  acre  was  590. 
4/  Five  percent  confidence  limits  at  this  point  are  ±  0.64. 
5/  Five  percent  confidence  limits  at  this  point  are  ±  1.61. 
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BOARD-FOOT  YIELDS 

No  formal  analysis  on  board-foot  yields  similar  to  cubic  and  cordwood 
analyses  is  available.     Records   from  individual  plantations  and  plots   supply 
the  best,   if  not   the   only,    estimate  of  sawtimber  production  in   slash  pine 

plantations.    As  one  would  expect,   board-foot  production  varies  directly  with 
spacing  (table  2  5).    At  14  years  of  age  the  close  spacings  have  produced  very 
little  sawtimber  volume,   while  production  in  the  wider  spacings  ranges  from 
800  to  2,808  board  feet  per  acre  at  15  years.    At  20  years  of  age  one  10  x  10 
spacing  shows  1,87  5  board  feet  per  acre,   with  more  than  half  of  the   total  in 
dominant  wildings.     In  contrast,   the  wider  spacings   show  up  to  6,296  board 
feet  per  acre  at  age  20,   with  little  volume   contributed  by  large   volunteers. 

Variation  in  the  wider   spacings  is  the  result  of  initial   survival   and  site  dif- 
ferences,   defects  in  tree  form,    and  fusiform  infections.    Although  no  special 

study  has  been  made,   observations  indicate  that  repeated  or  severe  burning 
in  the  early  years  tends  to  cause  crook  and  sweep  in  the  lower  portion  of  the 

trunk.     This   directly  affects   the   number  of  trees  that  will  qualify  as  saw- 
timber.    Form   and  quality  are   also  influenced,   no  doubt,   by  genetically 

inherited  characteristics. 

Table  24.  --Estimated  heights  of  tallest  trees  in  slash  pine  plantations- 

Depth 
of 

topsoil 

Silt  plus 
clay  content 

of  topsoil 

Age  (years) 

5 6 7 8 9 

10 

11 12 13 14 

15 

16 

T7c 
\a+            _     _ 

Shallow 
(6  inches) 

Low  (10%) 

Average  (20%) 
High  (35%) 

11.3 
11.9 

12.7 

2/15.2 

15.8 
16.6 

18.9 
19.4 

20.2 

22.3 
22.8 
23.7 

25.5 
26.0 
26.9 

28.4 29.0 
29.8 

31.2 31.7 

32.6 

33.7 

34.3 
35.1 

36.0 36.6 

37.4 

38.1 38.6 

39.5 

39.9 
40.5 41.3 

41.5 42.1 

42.9 

Average 
(22  inches) 

Low  (10%) 

Average  (20%) 
High  (35%) 

12.8 
14.9 
17.9 

16.7 
18.8 

21.8 

20.4 

22.4 
25.5 

23.8 
25.8 
28.9 

27.0 
29.0 
32.1 

29.9 

32.0 
35.0 

32.7 
34.7 

37.8 

35.2 
37.2 
40.3 

37.5 
39.5 

42.6 

39.6 41.6 

44.7 

41.4 

4  3.4 46.5 
43.0 
45.0 
48.1 

Deep 
(50  inches) 

Low  (10%) 
Average  (20%) 
High  (35%) 

15.4 
20.1 
27.0 

19.3 
24.0 
30.9 

23.0 
27.6 
34.6 

26.4 
31.0 
38.0 

29.6 
34.2 
41.2 

32.5 
37.2 
44.1 

35.3 39.9 
46.9 

37.8 
42.4 
49.4 

40.1 
44.7 
51.7 

42.2 46.8 

53.8 

44.0 
48.6 ^55.6 

45.6 
50.2 
57.2 

1/  Adapted  from  Goggans  and  Schultz  (1958). 
2/  Five  percent  confidence  limits  at  this  point  are  ±  2.0  feet. 
3/  Five  percent  confidence  limits  at  this  point  are  +  5.5  feet. 
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Table  25.  --Board-foot  volume  production  by  slash  pine  plantations 
on  the  George  Walton  Experimental  Forest 

Plantation 
number Spacing Age Survival 

Sawtimber  stand  per  acre 

Trees Planted 
trees Wild trees 

Total 

Feet Years Percent Number Board  feet Board  feet Board  feet 

132B 8  by  8 14 

42 

8 55 

412 

467 

155A 10  by  10 
14 

70 13 74 
709 

783 

20 69 47 902 953 

1.875 
155E 10  by  10 14 63 16 

65 
765 

830 
155G 1 1  by  1 1 

14 84 

11 
254 

69 
323 

lOlA 15  by  15 

15 
83 60 _. -- 

1.888 20 
83 

63 

-- 

-- 4.090 132  A 15  by  15 

15 

78 73 

2.504 
304 

2,808 
18 — 89 

-- 

-- 4,548 132C 15  by  15 

15 
— 62 

1.778 
682 

2.460 163B 15  by  15 

15 
85 

55 1.876 

414 

2,290 188B 15  by  15 15 66 

42 

1,257 

433 

1,690 186A 15  by  15 

18 
75 69 

3.047 

68 

3,115 24 — 79 

6.758 

38 

6,796 124A 16  by  16 
14 81 

46 -- -- 

1,481 

15 

81 60 1.899 

176 

2,075 1551 16  by  16 15 

86 52 1,623 

159 

1.782 155J 16  by  16 

15 

70 

31 938 62 

1,000 163C 16  by  16 

15 
86 

44 1.527 

133 

1.660 167A 16  by  16 

15 
65 24 737 

86 

823 

16 — 33 

-- 

-- 
1.275 21 -- 57 

3,720 

46 

3.766 220A 17  by  17 

15 
77 

2,716 

51 

2.767 
20 

— 78 -- -- 

6.296 

SUMMARY 

The  utility  of  this  paper  will  be  lost,   for  the  most  part,   if  the  plantation 
manager  views  it  as  a  series  of  case  histories.    But  if  he  uses  the  information 
gathered  here  as  prediction  mechanisms   on  which  he   can  base  management 
decisions,   he  will  have  progressed  from  decision-making  based  on  intuition 
to  decision-making  based  on  thorough,    complete,    and  painstaking  research. 

Finally,   the  information  contained  in  this  paper  will  be  less  than  complete 
on  the  date  of  issue.     More  and  better  data  and  analyses  of  slash  pine  plantation 
growth  and  yield  are  in  progress;  they  will  give  more  specific  information  for 
localized  areas,   for  areas   outside  the   natural  range  of  slash  pine,   and  for 
growth  analyses   obtained  from  re-inventories  over  a  period  of  time.     The 
plantation  manager,   because  of  the  rapidity  of  growth  and  changing  conditions, 
should  keep  continually  up-to-date  on  publications  in  this  field. 
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Intensive  forest  management  demands  high  rates  of  return,    and  these 
are  affected  by  such  things  as  growth  rate  per  acre  and  quality  of  wood  pro- 

duced.    It  is  necessary  therefore  to  use  trees  that  grow  rapidly  and  produce 
wood  of  the  best  possible   quality  in  the   specific   characteristics   desired. 
Such  trees  can  be  developed  through  genetic  improvement  of  commercially 
important  species. 

Provenance  studies  such  as  the  one  reported  in  this  paper  are  impor- 
tant sources  of  basic  information  for  tree  improvement  programs.     This 

study  is  being  conducted  on  three  Southern  Appalachian  sites  using  prove- 
nances of  white  pine  (Pinus  strobus  L.  )  from  throughout  the  range.i/  Height 

and  survival  data  taken  from  the  plantations  after  three  growing  seasons  in- 
dicate significant  differences  among  provenances  and  a  strong  correlation 

between  height  growth  and  latitude  of  the  seed  source.     The  study  will  be 
continued  for  a  number  of  years  to  observe  the  effect  of  time  on  these  and 
other  relationships. 

Tree  improvement  programs  are  often  based  on  variability  within  a 
species.     Forest  geneticists  therefore  must  determine  the  nature  and  ex- 

tent of  variation,   both  local  and  geographic,   within  forest  tree  species  for 
which  they  wish  to  develop  improved  strains.     A  number  of  studies  have 
been  established  to  determine  the  nature  and  extent  of  geographic  variation 
in  several  species.     Perry  (1961),   commenting  on  results  from  these  studies, 

made  the  generalization  that  "when  and  where  a  variation  in  an  environmental 
factor  exists  within  the  range  of  a  species,   there  also  exists  a  corresponding 

and  appropriate  variation  in  physiological -genetic  makeup  of  the  species.  " 
He  also  added  that  "species  occupying  the  same  geographic  range  frequently 
display  a  parallel  pattern  of  physiological- genetic  adaptation." 

Xl    Schreiner,    E.   J.,    and  Wright,   J.    W.     Working  plan  for  a  provenance  study  of 
Pinus  strobus.     U.   S.    Forest  Serv.    Northeast.    Forest  Expt.   Sta.    1955. 



Very  little  information  is  available  on  geographic  variation  of  eastern 

white  pine  (Pinus  strobus  L.  ).     This  species,    as  a  result  of  increasing  sup- 
plies and  better   management  practices,   is  expected  to  regain  much  of  the 

importance  it  once  had  as  a  timber  species  in  the  Northeast  and  Lake  States 
(U.   S.    Forest  Service,    1959).     One   study  has  been  made  in  New  Jersey  on 
seasonal  height  growth  of  white  pine  seedlings  from  various  locations   over 
its  range.    Results  showed  a  significant  clinal  pattern  of  variation  in  duration 
and  amount  of  height  growth  (Santamour,    1960).    Seedlings  of  southern  origin 
grew  longer  into  the   season  and  thus   more  in  height   during  the   third  year 
from  seed  than  did  seedlings  of  northern  origin. 

Geographic   variation  has   been   studied  rather  intensively  in   several 
other  coniferous  species.     Results  of  some  of  the  studies  should  give  some 
indication  of  the  variation  that  one  might  expect  to  find  in  white  pine. 

Average  5-year  heights  of  loblolly  pine  (Pinus  taeda  L.)  seedlings  from 
nine  locations  planted  in  Dooly  County,   Georgia,    were  correlated  with  tem- 

perature  zone   of  seed   source.     Seedlings   from   warmer  temperature  zones 
averaged  taller  than   seedlings   from   cooler  zones  (Bethune  and  Roth,    1960). 

Seedlings  of  loblolly  pine  from  four  seed  sources  were  planted  near  Bucking- 
ham,  Virginia.     The  nnore  northern  seedlings  were  best  in  height,    diameter, 

and  volume  after  15  years  (Kormanik  et  al.  ,  1961).    A  similar  test  in  south- 
ern Illinois  indicated  that  loblolly  seedlings   from  the   northern  portion  of  the 

species    range   should  be   used  in  Illinois   in  preference   to   seedlings   from 
farther  south  (Minckler,    1952). 

Wakeley  (1961),   in  summarizing  results  of  the  southwide  pine  seed 

source  study,    stated  that  5-year-old  plantations  of  loblolly  pine  and  5-  and 
3-year-old  plantations   of  shortleaf  pine  (Pinus  echinata  Mill. ),  showed  a 
clinal  relationship  between  height  growth  of  seedlings  and  latitude  of  seed 

source.     "When  like   sets  of  stocks   were   compared,    curves   of  height  over 
latitude  of  source  had  nearly  significant  to  highly  significant  negative  slopes 
in  southern  plantations   and  highly   significant  positive   slopes   in  northern 
plantations.     The  slopes  were  variable  in  direction  and  less    significant  or 
nonsignificant  in  plantations  at  intermediate  latitudes. 

Eastern  hemlock  (Tsuga  canadensis  (L.  )  Carr.  )  seedlings  from  several 
geographic   sources   were   studied  in  Rhinelander,   Wisconsin.     The  seedlings 
exhibited  a  distinct   clinal  variation  in  photoperiodic   response.     Seedlings 

from  areas  of  longer  frost-free  seasons  grew  later  into  the  season  and  thus 
more  in  height   than   seedlings   from   areas   of  shorter   frost-free   seasons 
(Nienstaedt  and  Olson,    1961).     More  frost  injury  was  sustained  by  hemlock 
seedlings   from   areas   of  longer   growing   seasons   than  by   seedlings   from 
areas  of  shorter  growing  seasons  (Nienstaedt,    1958). 

More  information  on  geographic  variation  in  white  pine  is  needed.  The 

following  pages,  and  other  reports  to  come  from  the  range-wide  study,  will 
help  to  fill  that  need. 



METHODS 

Establishment  and  Maintenance 

Three  plantations  of  a  range-wide  provenance  study  of  white  pine  were 
established  in  the  Southern  Appalachians  in  the  spring  of  1959.   Seedlings  from 
six   geographic   sources   were  planted  in  Wythe  County,   Virginia  (elevation 
2,500  feet),   and  in  Union  County,   Georgia  (elevation  1,850  feet).     Seedlings 
from  fifteen  sources   were  planted  in  Transylvania  County,   North  Carolina, 
(elevation  2,160  feet);    seedlings  from  an  additional  source  were  added  in  the 

spring  of  1960  (table  1),    All  seedlings  were  2-0  stock  grown  at  Ralph  Edwards 
State  Forest  Tree  Nursery,    at  Morganton,   North  Carolina. 

Table  1.  --Geographic  seed  sources  represented 
in  three  plantations  of  a  provenance  study  of 
white  pine 

Eighty-one   seedlings   from 
each  seed  source  were  planted  at  a 
spacing  of  7  x7  feet  in  each  of  four 
randomized-block   replications   at 

each  planting  site.     All  first-year 
mortality  was  replaced  in  the  North 

Carolina  plantation  with  heeled-in 
extra   seedlings,    but   not  enough 
seedlings  were  available  from  three 

sources   to   replace   all  first-year 
mortality  in  the  Virginia  and  Georgia 
plantations.    No  dead  seedlings  from 

the  West  Virginia   source  were   re- 
placed and   some   dead   seedlings  in 

the  two  outer   rows   of  plots   from 
Ontario  and  Pennsylvania  were  not 
replaced  in  these  two  plantations. 

The  planting  areas  in  Virginia 
and  Georgia  were  old  fields,   while 
the  North  Carolina  planting  area 
was   part  of  a  large  pasture.     The 
Georgia  site  is  on  a  dry,    southeast 

slope,    the  Virginia  site  is  in  a  poorly  drained  streambottom,   and  the  North 
Carolina  site  is  in  a  moderately  well  drained  streambottom.     The  North 
Carolina  and  Virginia  sites  were  plowed  before  planting.     Small  brush  was 

removed  by  bulldozer  from  the  site  of  two  replications  in  the  Georgia  planta- 
tion.    The  planting  areas  are  illustrated  in  figures  1  through  4. 

Heavy  weed  competition  made   cultural   operations   necessary  in  the 
North  Carolina  plantation  (fig.  5).     Weeds  were  kept  in  check  by  plowing  and 
hand  hoeing.     Seedlings  in  the  Georgia  plantation  were  released  once  during 
the  second  growing  season.     In  Virginia  all  seedlings  were  sprayed  in  1959  to 
control  weevils  boring  into  the  seedlings  at  ground  level. 

State  or  Province 
County  or 
Township Latitude 

Degrees  N 

Iowa Allamakee 

43° 
28' 

Tennessee Green 

36° 
00' 

Georgia  11 Union 

34° 
46' 

North  Carolina Transylvania 

35° 
14' 

Ohio Ashland 

40° 
45' 

West  Virginia  i/ Greenbriar 

38° 
02' 

Maine Penobscot 

44° 
51' 

New  York Franklin 

44° 
25' 

Nova  Scotia  1/ Lunenburg 

44° 

25' 

Ontario  i/ Spragge 

46° 

10' 

Quebec Pontiac-Upper 
Ottowa  R. 

47° 
30' 

Pennsy]  vania  11 Monroe 

41° 
05' 

Wisconsin Forest 

45° 
51' 

Minnesota  1/ Cass 

47° 

23' 

Virginia Pulaski 

37° 

05' 

Michigan Newaygo 

43° 
30' 

ij    Seed  sources  used  in  the  Virginia  and  Georgia 
plantations.     All  16  sources  listed  were  used  in 
the  North  Carolina  plantation. 



Survival  counts  and  height  measurements  were  made  after  each  grow- 
ing  season.     All   81    seedlings   in   each  plot  were   tallied  for   survival,    and 

heights  were  measured  on  the  25  center  seedlings.     First-  and  second-year 
data  for  the  Michigan  seedlings,   planted  1  year  later  than  the  other  sources, 
were  analyzed  with  first-  and   second-year   data  for  the  other   seedlings   in 
the  North  Carolina  plantation.     The  third-year  analysis  did  not  include  data 
from  the  Michigan  seedlings,    since  they  had  been  planted  for  only  2  years. 

Root-collar  diameters  and  root-shoot  weight  ratios  were  measured  in 
the  spring  of  1959  on  50  randomly  selected  plantable  seedlings  from  each  of 
14  of  the  seed  sources. 

Figure  1.  --Prepared  planting  site  in  North  Carolina,     The  fence  is  designed  to  keep out  deer.     Barbed  wire  was  added  above  the  net  wire 
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Figure  2.  --A  portion  of  the  Virginia  planting  site.     Drainage  is  relatively  poor on  most  of  the  area. 
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Figure  3.  --Blocks  C  and  D  of  the  Georgia  plantation.     This  area  was  lightly bulldozed  to  remove  brush. 



Figure  4.  --Blocks  A  and  B  of  the  Georgia  plantation.     No  site  preparation  was  needed 
here  except  removal  of  a  few  small  pines  and  hardwoods. 

Figure  5.  --Dead  ragweed  in  the  North  Carolina  plantation.     This  heavy  weed  cover 
developed  during  the  first  growing  season  despite  two  cultivations. 

t 



RESULTS 

Survival 

North  Carolina  plantation.  --First-year  survival  in  the  North  Carolina 
plantation  averaged   90  percent,    ranging  from  81.7    percent  for  Michigan 
seedlings  to  98.2  percent  for  Iowa   seedlings   (table  2).     The  North  Carolina 
seedlings   averaged  92.9  percent  survival.     Mean  survival  of  the   original 
seedlings   after  the   second  and  third  growing  seasons   was   85.1    percent. 
Differences   among  the   survival  mieans   were   significant   after   each  of  the 
three  growing  seasons  (table  2). 

Average  survival  of  all  seedlings,  including  replants,  was  95.6  percent 
after  2  years  and  94.9  percent  after  3  years  (table  3).  Differences  among  the 
survival  means  of  the  various  lots  of  seedlings,  including  replants,  was  sig- 

nificant at  the  1 -percent  level  of  testing  after  2  years,  and  at  the  5-percent 
level  of  testing  after  3  years. 

Table  2.  --Average  survival       after  the  first,   second,   and  third  years.   North  Carolina  plantation 

First 

year 

Second 

year 

Third 

year 

Source 
Average 

survival 
Source 

Average 

survival Source 

Average 

survivEil 

Percent  ̂  Percent  ̂  
Percent  ̂  

Iowa 98.2                   Georgia 

94,9
" 

Georgia 

94. gT 

Georgia 
PennsyWania 

96.8 

93.7" 

Iowa 
Pennsylvania 

93. 5J 

91.4" 

Iowa 
Pennsylvania 

93.1. 

91.4 

North  Carolina 92.9 North  Carolina 91. oJ North  Carolina 

90.  sj 

Ontario 92. 7J Ontario 88.1 Ontario 87.8 

Maine 89.7 Virginia 

86. 3J 

Virginia 

86. 3J 

Virginia 89.7 Ohio 

82.9" 

Ohio 82. f 

Tennessee 

88.6  ~
 

Minnesota 82.8 Maine 82.6 

Quebec 87.8 Maine 82.6 Minnesota 82.5 
Wisconsin 87.3 West  Virginia 82.5 West  Virginia 

81.7 

Ohio 87.1 Tennessee 82.4 Wisconsin 
81.3 

Minnesota 87.1 
Quebec 

81.8 Tennessee 81.2 
New  York 

87.0. 
Wisconsin 81.3 

Quebec 

80. 9j 

West  Virginia 86.6  _ Michigan 

80.5. 

~]               New  York 

77.6 

_ 
Nova  Scotia 84.5 New  York 77.9  J               Nova  Scotia 

74.4_ 

Michigan  J/ 81.7                    Nova  Scotia 
74.4 

Average 90.0 85.1 85.1 

1/    Original  seedlings  only.     Does  not  include  replants. 

2/    Means  not  under  the  same  bracket  are  different  at  the  5-percent  level.     The  brackets  are  used  as  a 
method  of  comparing  the  average  survivals.     Differences  between  numbers  included  under  a  common 
bracket  are  not  large  enough  to  be  significant;  that  is,   they  may  have  occurred  by  chance.     Numbers  not 
under  a  common  bracket  are  significantly  different;  that  is,   they  are  different  because  of  the  effect  of 
seed  source. 

^    The  Michigan  source  was  planted  1  year  later  than  the  other  sources  and  is  not  shown  under 

third-year  results. 



Table  3,  --Average  survival       after  the  second  and  third  years,   North  Carolina  plantation 

Second  year Third  year 

Source 
Average 

survival 
Source 

Average 

survival 

Michigan 
North  Carolina 

Georgia 
Pennsylvania 
Virginia 
Minnesota 

Iowa 
Ohio 
Ontario 
West  Virginia 

Quebec 
Tennessee 
Wisconsin 
Maine 
Nova  Scotia 
New  York 

Average 

iT 

Percent 

99.4 
98.7 

98.2 98.2J 

97.5 
97.1 

2/ 

96. 
95. 
95. 
94. 

.3 

.7 

.6 

.7. 

94.2   —I 
92.5 

.3 

.0 

92, 

92, 
90, 89, I^] 

95.6 

North  Carolina 
Georgia 

Pennsylvania 
Virginia 
Minnesota 
Ohio 
Ontario 

Iowa 
West  Virginia 

Quebec 
Wisconsin 
Maine 
Tennessee 
Nova  Scotia 
New  York 

Percent  -s/ 

98.3 
98.2 
98.2 97.5 

96.7 

95.4 

95.3 95.2 
93.6 
93.2 
92.3 
92. Oj 

91.5     J 
90 
89 

■2^ 

94.9 

Includes  replants. 

Means  not  under  the  same  bracket  are  different  at  the  5-percent  level. 

Georgia  plantation.  --Survival  of  the   original   seedlings  (excluding  re- 
plants) in  the  plantation  near  Blairsville,    Georgia,    averaged  59.7,  56.1,   and 

55.5  percent,  respectively,  after  one,  two,  and  three  growing  seasons  (table  4). 
Differences  among  the  survival  means  of  the  different  seedling  lots  were  sig- 

nificant after  one  growing  season,   and  highly  significant   after   the  second  and 
third  growing  seasons.     Third-year  survival  varied  from  34.4  percent  for  the 
West  Virginia  seedlings   (significantly  lower  than  all  other  seedling  lots)  to 
69.3  percent  for  the  Nova  Scotia  seedlings  (significantly  higher  than  all  other 
seedling  lots).     The  local  Georgia  seedlings  averaged  56.9  percent  survival 
three  growing  seasons  after  planting. 

Virginia  plantation.  --Average  survival  of  the  original  seedlings  after 
one,  two,  and  three  growing  seasons,  respectively,   was  82.8,    80.7,    and  79.6 
percent  (table  5);  differences  among  source  averages  were  highly  significant 
after  each  growing  season.     Third-year  survival  (excluding  replants)  ranged 
from  59.1  percent  for  the  West  Virginia  seedlings  to   87.2   percent  for  the 
Ontario  seedlings.     The  West  Virginia  seedlings   had  significantly  lower 
survival  than  all  the  other  seedling  lots. 

All  plantations.  --Average  third-year  survival  of  original  seedlings  in 
each  of  the  plantations   was   plotted  over  latitude  of  seed   source,    seedling 
root-shoot  weight  ratio,   and  seedling  root-collar  diameter.    No  correlation 
between  survival  and  any  of  these  variables  was  evident. 



Table  4.  --Average  survival        after  the  first,    second,    and  third  years,    Georgia  plantation 

Fi 
rst 

ye 

ar Second 

ye 

ar Third 

year 

Source 
Average 

survival Source 

Average 

survival Source 

Average 

survival 

Percent  ̂  
Percent  -2/ 

Percent  2J 

Nova  Scotia 7  3.7                   Nova  Scotia 69.6                     Nova  Scotia 69.3 

Ontario 65.2 Ontario 63.0 
Ontario 62.4 

Minnesota 65.2 Minnesota 58.7 Minnesota 57.3 

Georgia 
60. 9_ ~ 

Georgia 

57. 2_ 

Georgia 

56. 9_ 

Pennsylvania 
54.5  _ 

Pennsylvania 
52.9 

Pennsylvania 
52.6   _ 

West  Virginia 36.7                   West  Virginia 34.7                     West  Virginia 
34.4 

Average 59.7 56.1 55.5 

Xl    Original  seedlings  only.     Does  not  include  replants. 

2/    Means  not  under  the  same  bracket  are  different  at  the  5-percent  level. 

u 
Table  5.  --Average  survival       after  the  first,    second,    and  third  years,    Virginia  plantation 

First  year Second  year Third  year 

Source 
Average 

survival 
Source 

Average 

survival 
Source 

Average 

survival 

Percent 2 / Percent ^ J Percent 

■M 

Ontario 

91. 
3~ 

Ontario 

89.
6~ 

Ontario 87.2 

Georgia 89.0 Georgia 86.6 ~ Georgia 86.0 - 

Nova  Scotia 87.4 Nova  Scotia 85.7 Nova  Scotia 

85.2_ 

Minnesota 86.0 Minnesota 82.2 Minnesota 81.3 

Pennsylvania 77.7                       Pennsylvania 7  5.7                     Pennsylvania 
74.8 

West  Virginia 59.7                     West  Virginia 59.4                     West  Virginia 59.1 

Average 82.8 80.7 
79.6 

l_l    Original  seedlings  only.     Does  not  include  replants. 
2./     Means  not  under  the  same  bracket  are  different  at  the  5-percent  level. 

Height 

Average  heights  by  source  were  calculated  from  data  collected  at  the 
end  of  each  growing  season.     These  averages  included  heights  of  replanted 

seedlings.     Average  heights,    excluding  replants,   were  calculated  from  third- 
year  data.      Comparison  of  average  third-year  heights  including  replants  and 
average  third-year  heights  excluding  replants  showed  only  minor  differences. 
Replanted  seedling  heights  were  therefore  retained  in  all  the  calculations 
described  in  the  following  pages. 
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North  Carolina  plantation.  --Differences  among  average  heights  of  seed- 
lings from  various  sources  were  highly  significant  at  the  end  of  three  growing 

seasons  (table  6).     Heights  of  some   plots   after  3  years   are  illustrated  in  fig- 
ures 6  and  7.     Average  third-year  heights  ranged  from  1.08  feet  for  Minnesota 

seedlings  to  2.44  feet  for  Georgia  seedlings.     The  local  North  Carolina  seed- 
lings averaged  2.31  feet  in  height.     The  difference  between  averages  of  shortest 

and  tallest  seedlots  was  0.34  of  a  foot  after  one  growing  season,   and  had  in- 
creased to  1.36  feet  after  three  growing  seasons.     Curves  of  average  height 

over  age  indicate  that  differences  in  average  height  between  shorter  seedling 
lots  and  taller  seedling  lots  will  continue  to  increase  with  plantation  age  (fig.  8). 

A  highly  significant  correlation  was  found  between  average  third-year 
seedling  heights  and  latitude  of  seed  source,   with  seedlings   from   southern 
sources  making  better  height  growth  than  seedlings  from  northern   sources 

(fig.  9).     Eighty  percent  of  the  total  variation  in  third-year  seedling  height 
was  accounted  for  by  variation  in  latitude.     Seed  source  latitudes  range  from 

34°  46'  N  to  47°  30'  N  (table  1). 

Georgia  plantation.  --Differences   among  average  heights  of  seedling 
lots  from  the  six  seed  sources  planted  in  Georgia  were  highly  significant  at 
the  end  of  three  growing  seasons  (table  6).    Seedlings  from  southern  sources 
were   tallest  and  those   from   northern  sources   shortest,    with  average  height 
differences  tending  to  increase  with  time  (fig.  10).    A  very  strong  correlation 

exists  between  average  3-year  heights  of  seedling  lots  and  latitude  of   seed 
source  (fig.    9),   with  variation  in  latitude   accounting  for   96   percent  of  the 
variation  in  third-year  heights. 

Table  6.  --Average  heights  -^  after  three growing  seasons,    all  plantations 

North  Carolina  plantation Georgia 
plantation 

Virginia  plantation 

Source 
Average 

height 
Source 

Average 

height Source 

Average 

height 

Feet^ 
Feet  2/ 

Feet  2/ 

Georgia 
2.44 

Georgia 
1.50 

Georgia 

1.75
" 

North  Carolina 

2.31"
 

2.27.
 West  Virginia 1.40 West  Virginia 

1.63 Tennessee Pennsylvania 1.27 Pennsylvania 

I.63J 
Virginia 1,90 

1.89_ 
Nova  Scotia 

1.12 
Nova  Scotia 1.51 . 

Pennsylvania Ontario 
0.90 
0.90_ Ontario 

1.14 

1.02- 

West  Virginia 1.80 Minnesota Minnesota 
Wisconsin 1.63 
Ohio 1.56 1.49_ 

Quebec 
Iowa 1.41 1.37_ Nova  Scotia 
Ontario 1.29 
New  York 

1.16"
 

Maine 1.13 
Minnesota i.osJ 

Average 1.65 1.18 
1.45 

1/    Originals  and  replants. 
2/    Means  not  under  the  same  bracket  are  different  at  the  5-percent  level. 
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Virginia  plantation.  --Height  relationships  in  the  Virginia  plantation  are 
similar  to  those  in  the  Georgia  plantation,   but   differences   among  average 
heights   are  less  pronounced  (table  6,   fig.    11).     The   correlation  between 
average  3-year  heights  of  seedling  lots  and  latitude  of  seed  source  was  sig- 

nificant,  with  variation  in  latitude  accounting  for  80  percent  of  the  variation 

in  third-year  seedling  heights  (fig.    9). 

;  :-*J^>:^  '■^. 

Figure  6.  --Quebec  seedlings  (left)  and  North 
Carolina  seedlings  (right)  after  three  grow- 

ing seasons  in  the  North  Carolina  plantation. 
Seedlings  from  the  two  sources  averaged, 
respectively,    1.49  and  2.31  feet. 

Figure  7. --Pennsylvania  seedlings  (left) 
and  North  Carolina  seedlings  (right). 
North  Carolina  plantation.  Average  3- 
year  heights  were,  respectively,  1.89 
and  2.31  feet. 
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Figure  8.  --Height-over-age  curves  for 
seedlings  from  eight  selected  seed 
sources.  North  Carolina  plantation. 
Curves  for  seedlings  from  the  other 
sources  are  similar  to  these  curves. 

Figure  9. --Regressions  of  average  3-year 
heights  on  latitude  of  seed  source.  North 
Carolina,  Virginia,  and  Georgia  plantations. 
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Figure  10.  --Height-over-age  curves  for 
seedlings  from  the  various  seed  sources, 
Georgia  plantation. 
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Figure  11.  --Height-over-age  curves  for  seedlings  from  six  seed  sources, 
Virginia  plantation. 

DISCUSSION 

The  three  planting  sites  differ  in  quality.  Growth  is  poorest  in  Georgia, 
internn.ediate  in  Virginia,  and  best  in  North  Carolina  (fig.  12).  The  Georgia 
plantation  is  on  a  dry,  southeast-facing  slope  with  a  heavy  clay  subsoil,  while 
the  other  two  plantations  are  on  streambottom  sites.  The  Virginia  site  also 
has  a  tight  clay  subsoil,  but  the  field  in  North  Carolina  is  a  friable  loam. 
Elevation,   latitude,   and  general  climate  also  differ  for  the  three  locations. 

Three-year  seedling  heights  in  the  three  plantations  were  similarly  cor- 
related with  latitude  of  seed  source  despite  plantation  differences  in  latitude, 

altitude,    soil,    and  climate.     Tests  showed  no  significant  differences  in  slope 
among  regressions  of  height  on  latitude  (fig.    9).     This  indicates  that  white 
pine  seedlings,    regardless  of  geographic  location  in  which  they  are  grown, 
have  a  strong  tendency  toward  growth  rates  typical  of  the  location  from  which 
the  seed  was  collected.     Seedlings  from  southern  sources  tend  to  grow  more 
during  one  growing  season  than  do  seedlings  from  northern  sources.     This 
tendency  evidently  is  the  same  no  matter  what  the  latitude  of  the  planting  site. 
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Figure  12.  --Average  height-over-age  by  plantation.  The  curves  show  the 
plantation  average  of  seedlings  from  the  six  seed  sources  represented in  all  three  plantations. 

Plants,   however,    are  adapted  to,   or  are  in  harmony  with,   their  native 
environment  (Perry,    1961).     Growth  patterns  are  regulated  by  day  length, 
length  of  growing  season,   temperature,   and  other  factors  typical  of  the  en- 

vironment in  which  plants  and  their  preceding  generations  have  been  growing. 
Southern  seedlings,   therefore,    can  be  taken  so  far  north  that  their  growth 
responses  are  seriously  out  of  harmony  with  the  environment.     They  still 
have  the  tendency  to  start  growth  earlier  and  grow  longer  into  the  growing 
season  than  do  northern  seedlings,   but  frost  injury  becomes  a  limiting  factor. 
Such  was  the  case  with  hemlock  seedlings  grown  in  the  Lake  States  (Nienstaedt, 
1958).     In  the  northern  part  of  the  species  range,   white  pine  seedlings  from 
northern  sources  may  therefore  grow  faster  than  seedlings  from  southern 
sources.     In  southern  plantations,   loblolly  and  shortleaf  seedlings  from  south- 

ern sources  have  done  best.     Similarly,   in  northern  plantations  loblolly  and 
shortleaf  from  northern  sources  showed  the  most  height  growth  (Wakeley,  1961). 

I 

ki 
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White  pine  survival  differences  due  to  seed  source  were  not  explained 

by  latitude,  root-collar  diameter,  or  root-shoot  weight  ratio.  An  explanation 
of  survival  results  can  be  offered  only  for  seedlings  from  the  West  Virginia 
source.  These  seedlings  had  poorly-developed  root  systems  consisting  of 
carrot-like  tap  roots  with  very  few  fibrous  roots  for  water  absorption.  This 
is  probably  the  reason  why  West  Virginia  seedlings  had  low  survival  rates  in 
the  heavy  clays  found  in  the  Georgia  and  Virginia  plantations. 

These   study  results   indicate  that   seedlings   from  a  southern   source 
should  be  used  in  white  pine  plantations  in  the  Southern  Appalachians.     This 
recommendation  is  sound  if  the  early  relative  growth  rates  observed  in  this 

study   represent  long-range   relative   growth  rates.     Loblolly  pine   seedlings 
from   several   sources    growing  in  Virginia  had  the   same   order   of  relative 
heights  at  16  years   from   seed  as  they  had  at  6  years   from  seed  (Kormanik 
et  al.  ,    1961).     In  a  study  with  Scotch  pine  from  2  5  different  locations,    cor- 

relation of  18-year  height  with  1-year  height  was  significant  at  the  1 -percent 
level  (Schreiner  et  al.  ,    1962).     The   white  pine   seedlings   in  this   study  are 

5  years  from  seed.     Long-range  height  relationships  among  seedlings  from 
various  sources  may  already  be  established.     Periodic  measurements  over 
the  next  several  years  will  show  whether  or  not  this  is  true. 

SUMMARY 

A  range-wide  provenance  study  is  being  conducted  on  eastern  white 
pine.     Three  plantations  have  been   established  in  the  southern  part  of  the 
white  pine  range,   with  one  plantation  each  in  northern  Georgia  (6  sources), 
western  North  Carolina  (16  sources),  and  southwestern  Virginia  (6  sources). 
Survival   counts  and  height  measurements  have  been  made  after  each  of  the 
first  three  growing  seasons.    Significant  differences  in  average  survival  and 
height  were  found  among  the  various  seed  sources  after  each  growing  season. 
Average  3-year  heights  of  different  lots  of  seedlings  were  closely  correlated 
with  latitude  of  seed  source.     Seedlings  of  southern  origin  were  taller  than 
seedlings  of  northern  origin.     Average  survivals,   however,    showed  no  cor- 

relation with   either  latitude  of  seed  source,    root-shoot  weight   ratio,   or 
root-collar  diameter. 
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Instructions    ror    Using    Tratiic    Counters 

to    Estimate    Recreation    Visits    and    Use 

by 

GEORGE  A.  JAMES  and 
THOMAS  H.  RIPLEY 

INTRODUCTION 

Every  manager  of  a  recreation  site  needs 

three  essential  statistics:  man-hours  of  use, 
number  of  visits,  and  peak  loads.  Man-hours 
of  use  are  a  good  gauge  of  site  wear  and  tear 
and  service  requirements.  Visits  reflect  the 
number  of  impressions  gained  by  people  and 
hence  provide  an  index  to  public  approval 

or  dissatisfaction,  depending  upon  site  con- 
dition. Peak  load  data  are  the  basis  of  plans 

for  capacity  or  overload  crowds. 
Techniques  described  in  the  following  pages 

for  obtaining  this  necessary  information  are 
simple,  ine.xpensive,  and  can  produce  reliable 
results.  They  will  provide  good  estimates  of 
the  number  of  visitors;  total  and  component 

man-hours  of  recreation  uses  such  as  camp- 
ing, picnicking,  swimming,  boating;  average 

party  size;  and  peak  use  loads.  The  method 
should  be  useful  to  all  public  agencies  where 
estimates  of  use  and  visits  on  unattended 
recreation  sites  are  needed. 

To  obtain  the  estimates,  we  develop  a  ratio 
between  the  desired  statistic  (visits,  total 
recreation  use,  etc.)  and  traffic  counts  by 
simultaneously  measuring  both.  This  is  called 
double  sampling.  Pneumatic  traffic  counters, 
either  recording  or  nonrecording,  are  placed 
on  site  entrances  to  tally  total  vehicle  cross- 

ings. The  counters  are  read  daily.  The  num- 
ber of  people  visiting  the  area  and  the  use 

levels  on  recreational  facilities  are  determined 

hourly  during  a  12-hour  period  on  a  few 

randomly    selected    "sampling   days"    during 

the  season.  On  days  when  someone  is  not 
on  the  site  counting  people  and  recording 

what  they  do,  the  traffic  counters  alone  pro- 
vide the  basis  for  use  estimates.  The  data 

are  then  analyzed,  and  estimates  are  calcu- 
lated showing  visits  and  use  for  each  site 

for  the  current  season.  The  tables  and  charts 

prepared  from  this  sampling  effort  can  be 
used  to  provide  estimates  during  the  next 
several  years  from  vehicle  counts  only,  pro- 

vided there  are  no  major  changes  in  the  sites. 
The  method  was  evolved  from  two  studies. 

The  first  was  an  informal  sampling  conducted 
in  1961  on  two  National  Forest  recreation 

sites  in  the  southern  Appalachians.  This  brief 
test  determined  what  attributes  could  best 

be  measured,  sampling  procedures,  size  of 
sample,  and  relations  to  traffic  counter  read- 

ings, etc.  Findings  revealed  a  strong  rela- 
tionship between  pneumatic  traffic  counts 

and  the  amount  of  use  the  areas  received. 

As  a  result  of  early  success,  a  second  and 

comprehensive  study  was  planned  and  con- 
ducted June  30-September  3,  1962.  This  was 

a  cooperative  venture  between  National  For- 
est Administration  and  Southeastern  Forest 

Experiment  Station.  Thirteen  recreation  sites 
were  involved:  11  in  the  Southern  Region, 
and  2  in  the  Northeastern  Region.  Results 
were  highly  successful  and  have  resulted  in 
sampling  and  analytical  procedures  with  wide 

application. 



These  are  the  cars  that  brought  the  swimmers,  Alexander  Springs,  Florida 
National  Forest.  Pneumatic  traffic  counters  were  able  to  predict  swimming  use 
season   long   with   a   high   degree   of  accuracy. 
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PRELIMINARY    STEPS 

1.  The  first  step  is  to  choose  the  period  of 

year  for  which  estimates  are  desired.  In- 
formation will  probably  be  needed  for  the 

entire  year  on  some  recreation  sites.  In 
most  cases  it  will  be  necessary  to  divide 

the  year  into  at  least  two  parts:  high-use 
and  off-season.  Each  must  be  sampled 
independently  because  use  estimates  for 
a  specific  period  are  generally  accurate 
only  for  that  period.  It  is  recommended 
that  most  forests  in  the  southern  and 

southeastern  states  divide  the  sampling 

year  into  high-use  (June  1  through  Labor 
Day)  and  off-season  (remainder  of  year) 
periods.  Florida  and  other  deep  south  for- 

ests might  classify  the  high-use  sampling 
period  from  May  15  through  Labor  Day. 
Other  combinations  are  possible  and 
should  be  considered. 

2.  Each  period  chosen  should  be  sampled 
by  a  mmimum  of  10  randomly  selected 

12-hour  sampling  days.    Half  the  sampl- 

ing days  must  be  selected  from  all  possible 
weekends  and  holidays,  and  half  from  all 

possible  weekdays  included  in  the  sampl- 
ing season.  It  is  necessary  that  all  samples 

be  selected  in  a  random  manner.  A  sampl- 
ing schedule  must  be  prepared  for  each 

site  in  advance  of  study  installation. 
.3.  Prior  to  study  installation,  traffic  counters 

must  be  installed  at  each  entrance  of  the 

site  to  be  sampled.  Counters  need  not, 
however,  be  placed  on  exits  in  areas  having 

1-way  traffic  only.  Two  counters  installed 
at  each  site  entrance  provide  good  in- 

surance in  case  one  of  the  counters  fails 
to  work.  Two  counters  are  recommended 

for  single-entrance  sites  where  use  is 
heavy.  Care  must  be  exercised  in  select- 

ing roads  on  which  counters  are  installed. 
Placement  of  counters  is  covered  in  detail 

under  "Traffic  Counters"  in  a  later  section 
of  this  booklet. 

SAMPLING    DETAILS 

1.  All  estimates  are  based  on  the  traffic- 

count  record,  so  it  is  imperative  that  ac- 
curate records  be  obtained.  During  the 

seasonal  sampling  period  all  traffic  coun- 
ters must  be  read  every  24  hours.  Meters 

must  be  read  every  day  at  the  same  time 

between  6:00  a.m.  and  10:00  a.m.,  pre- 
ferably as  near  10:00  a.m.  as  possible. 

Record  actual  daily  axle  counts,^  not 
meter  readings,  on  Form  1  (see  Appen- 

dix). A  limited  number  of  "missed"  read- 
ings, though  undesirable,  will  not  invali- 
date the  entire  axle-count  record.  The 

following  example  shows  how  to  enter 
axle  counts  on  Form  1  if  one  or  more  days 
are  missed: 

Date  Actual  axle  count 

June     8  1,416 
June     9        Missed 
June   10        Missed 
June   11  3,790     (total  for  3  days) 
June   12  980 

2.  On  each  of  the  ten  12-hour  sampling  days 
which  have  been   randomly  selected,  ob- 

1  jIxU  count  as  used  throughout  this  manual  means  two 
counter  registers  per  passenger  vehicle,  one  per  2-wheel  boat 
trailer,  and   so  forth. 

server  should  begin  making  observations 
at  10:00  a.m.  All  information  to  complete 

Form  2  (see  Appendix)  should  be  col- 
lected. On  most  recreation  sites,  one  ob- 

server will  be  able  to  collect  the  necessary 

information.  Some  sites  will  probably  re- 
quire two  observers  during  periods  of 

heavy  recreation  use.  Summary  instruc- 
tions for  sampling  and  recording  data  on 

Form  2  are  shown  below: 

10:00  a.m. — Read  traffic  counter(s) 
and  insert  observation  at  top,  opposite 
10:00  a.m.  Example:  if  there  are  three 
counters  reading  00287,  12006,  and  22943, 
record   each   reading. 

10:00-10:30  a.m. — Begin  at  site  en- 
trance and  subsample  for  exactly  30 

minutes,  counting  all  people  entering  the 
area  regardless  of  mode  of  travel.  Record 

opposite  10:00  a.m.  at  top  of  "Visits" column.  In  areas  having  more  than  one 

entrance,  it  will  be  necessary  to  deter- 
mine starting  entrance  in  a  random 

manner.  This  is  done  by  writing  num- 
bers, corresponding  to  numbers  of  en- 

trances, on  single  pieces  of  paper, 
placing  them  in  a  container  and  drawing  a 
single  number.  As  an  example:  number 
2  is  drawn  for  an  area  having  three  en- 



trances.  Consequently,  the  10:00  a.m. 
sampling  begins  at  entrance  number  2, 
with  11:00  a.m.  samphng  at  entrance  3, 
12:00  noon  sampling  at  entrance  1,  and 
continuing  in  sequence  throughout  the 

day.  The  same  random  selection  of  start- 
ing entrance  and  subsequent  procedure 

must  be  followed  for  each  12-hour  sampl- 
ing day  of  the  season. 

10:30-11:00  a.m.— Circulate  the  area 
and  determine  (as  of  10:30  a.m.)  the 
number  of  people  and  parties  (camping 

and  picnicking)  associated  with  each  ma- 
jor use  in  the  area.  A  party  may  consist 

of  one  or  more  persons.  Record  these 

totals  in  appropriate  "Component  use" 
columns  opposite  10:30  a.m.  These  must 
be  viewed  as  instantaneous  estimates. 

11:00-11:30  a.m. — Return  to  the  single 
entrance,  or  go  to  the   next  entrance  in 

sequence  in  multi-entrance  sites,  and  de- 
termine visits  for  exactly  30  minutes. 

Record  as  before  opposite  11:00  a.m.  un- 

der "Visits." 11:30-12:00  noon. — Repeat  procedures 
followed  between  10:30-11:00  a.m.,  tally- 

ing total  people  and  parties  as  before. 
Repeat  these  steps  throughout  the  day 

until  10:00  p.m.  Read  traffic  counters  at 
10:00  a.m.  the  following  morning  and 

record   opposite   "10:00   a.m.    next   day." 
Form  2  data  sheets  should  be  sum- 

marized and  checked  for  arithmetic  error 

as  soon  as  possible  and  any  pertinent  re- 
marks concerning  irregularities  should  be 

noted.  This  completes  the  work  at  the 
actual  recreation  site.  The  remaining 
summarization  and  analysis  can  best  be 
accomplished   by  headquarters  staff. 

OFFICE  COMPUTATIONS  (FORM  2) 

Total  ali  counter  readings  in  axle  cross- 
ings for  all  entrances  from  10:00  a.m.  on 

sampling  day  to  10:00  a.m.  on  following 

day.  Record  24-hour  total  under  item  A 
at   bottom   of  form. 

Add  up  the  "Visits"  column.  Multiply 
this  total  by  2  to  convert  the  30-minute 
readings  to  an  hourly  basis.  Next  multi- 

ply by  number  of  entrances  involved. 
Example:  If  there  were  3  entrances, 
each  total  should  be  multiplied  by  3. 

Enter  these  expanded  12-hour  values 
under  item  B.  Note  that  sampling  does 
not  provide  an  estimate  of  visitors 
between  10:00  p.m.  and  10:00  a.m.  the 
following  morning.  Visits  during  night 
(after  10:00  p.m.)  are  generally  few  and 
have  little  bearing  on  site  management. 

Man-hours  of  use  and  number  of  parties 
for  each  12-hour  period  should  be  totaled. 

Enter  these  values  under  "Totals"  at  bot- 
tom of  form.  A  24-hour  value  for  use 

and  parties  must  be  determined.  For  most 

uses,  the  12-hour  daytime  tally  gives  an 
accurate  estimate,  because  few  people 
swim,  fish,  or  picnic  at  night.  Camping 
is  the  exception  and  the  only  significant 
overnight  use  on  most  recreation  sites; 
consequently,  it  must  be  figured  on  a 

night-time  basis  also.  Two  assumptions  are 
made  with  regard  to  campers:  if  they  are 

in  the  area  with  tents  up  at  6:00  p.m.,  they 
will  remain  overnight;  and  most  children 
and  many  adults  retire  sometime  between 
the  hours  of  6:00  p.m.  and  10:00  p.m. 

Accordingly,  the  largest  number  of  camp- 
ers and  parties  counted  between  the  hours 

of  6:00  p.m.  and  1():(X)  p.m.  is  multiplied 

by  12  to  account  for  camping  man-hours 
between  10:00  p.m.  and  10:00  a.m.  the 
following  morning.  These  values  are 

added  to  the  12-hour  daytime  use  to  esti- 
mate 24-hour  values.  Record  24-hour 

camping  use  and  camping  parties  at  the 
bottom  of  the  forni  under  (C). 

Determine  mean  party  size  for  camping 

and  picnicking  by  dividing  use  by  number 
of    parties    associated    with    that    use. 

Example:    Total   24-hour  camping   use 
IS  SOO  hours;  total  number  of 

camping  parties  is  125.    Di- 
vide 500  by    125   to  obtain 

the    average   camping   party 

size,  namely,  4  persons. 

Double  check  entries,  expansions,  and 
totals  on  Forms  1  and  2.  The  data  are  now 

ready  to  be  examined  by  multiple  regres- 
sion analysis.  To  be  most  efficient  this 

should  be  done  using  ADP  (Automatic 
Data  Processing)  procedures  for  several 
areas,  say  10  or  more  at  a  time. 



Punch  data  on  ADP  cards,  or  record  on 

ADP  magnetic  tapes.  Insert  F  values  on 
parameter  cards  to  instruct  machine  to 
reject  x  variables  which  in  final  equations 
are  not  significant  at  desired  levels  of 

probability.  A  probability  level  of  90  per- 
cent or  higher  is  recommended.  Consult 

appropriate  statistical  text  for  this  step. 

Run  multiple  regression  analysis  compu- 
tations on  ADP  computer. 

Analyze  ADP  computations.  Compute 
predicting  equations  and  error  terms  for 
each   significant  variable. 

PREPARATION  OF  PREDICTING   TABLES  AND  CHARTS 

Two  independent  variables  are  examined 
in  this  analysis:  axle  counts  (x)  and  axle 

counts  squared  (x").  Estimates  involving 
solely  the  x  variable  will  produce  a  straight 
line  relationship  between  x  and  y  (variate). 

Estimates  containing  the  x"  variable  will 
show  a  curved  relationship  between  x  and  y. 
Examples  of  the  two  types  of  situations  are 
shown  below: 

,000 Linear relationship  between  axle   count 

800 

600 : 
and  visits 

400 

200 
1 1           1           1       — 1 — . 

200        400         600        800         1,000 

AXLE   COUNT 1,500 

600         800 

AXLE  COUNT 1,000 1,500 

Linear  relationships,  such  as  shown  above, 
remain  constant  over  the  entire  range  of 
values.  In  such  cases  it  is  necessary  to  obtain 
a  record  of  total  seasonal  axle  counts  only 
during  the  next  several  years  to  predict  visits 
or  use. 

Curvilinear  relationships,  such  as  shown 
above,  do  not  remain  constant  over  the  range 
of  values.  It  can  be  readily  seen  from  the 

above  relationship  that  24-hour  axle  counts 
are  necessary  to  produce  reliable  estimates. 

Example:  consider  a  5-day  continuous  period 
during  which   200  axle   counts   are   recorded 

each  day.  If  the  counter  is  read  only  once 
during  the  period,  1,000  axle  crossings  are 
recorded.  The  above  curve  (and  the  table 
prepared  from  this  curve)  shows  slightly  less 
than  500  picnicking  hours  during  the  5-day 
period.  A  daily  reading  of  200  axle  cross- 

ings, however,  shows  200  hours  of  picnicking 
use  daily,  or  a  total  of  1,000  hours  during 
the  period. 

Situations  where  the  x"  variable  alone  best 
expresses  the  relationship  between  x  and  y 
can  be  expected  to  occur  frequently.  Of  the 
71  predicting  equations  resulting  from  the 

1962  study,  46  percent  involved  the  x-  vari- 
ate. The  predicting  equations  for  each  site 

will  generally  contain  some  involving  the  x 

variate  only,  and  others  containing  the  x" 
variate  only.  On  only  2  of  the  13  recreation 

sites  sampled  during  1962  were  all  site  vari- 
ables best  predicted  by  the  x  variate  only. 

Ninety-seven  percent  of  the  regressions  re- 
sulting from  the  1962  study  were  either  simple 

linear  or  simple  curvilinear,  i.e.,  involving 

either  the  x  or  x"  variates  alone,  not  in  com- 
bination. Less  than  3  percent  of  the  regres- 

sions were  multiple  curvilinear,  involving  x 
and   X-    in    combination. 

With  these  facts  in  mind,  we  are  now  ready 

to  prepare  predicting  tables  and  charts.  Pro- 
cedures for  constructing  the  sheets  summar- 

izing season-long  visits  and  use  estimates  for 
each  site,  such  as  shown  in  table  1  (Appen- 

dix), are  as  follows: 

1.  Use  appropriate  formula  for  each  variable 
to  be  predicted,  plus  seasonal  record  of 
daily  axle  counts.  Plug  axle  count  (x)  or 
x'  into  formula.  For  linear  relationships 
use  axle  counts  directly  from  Form  1.  For 

curvilinear  relationships  use  axle  counts 

squared,  x". 



TRAFFIC   COUNTERS 

Shortly  prior  to  study  installation,  install 
traffic  counters  at  the  entrance  to  each  study 
site.  Counters  should  be  installed  on  roads 

leading  directly  to  the  recreation  site,  not  on 

roads  leading  past  the  site  to  other  destina- 
tions. An  example  of  correct  and  incorrect 

placement  is  shown  in  the  accompanying 
sketch. 

Traffic  counters  in  subsequent  years  must 
be  kept  in  the  same  location  as  during  the 
first  sampling  year.  A  change  in  counter 
location  will  change  the  relationship  between 
axle  count  and  the  y  variate,  and  result  in 
estimates  that  are  inaccurate. 

An  extra  counter  and  spare  counter  bat- 
teries should  be  carried  in  the  recreation 

vehicle,  or  furnished  the  concessionaire  where 

applicable,  so  that  faulty  counters  may  be 
repaired  each  morning. 

The  use  of  self-recording  counters  should 
be  considered.  These  machines  provide  a  con- 

tinuous record  of  axle  crossings  and  peak  use, 

and  need  to  be  serviced  only  periodicall\'. 
Because  most  sites  will  require  a  24-hour 
axle-count  record,  self-recording  counters 
might  pay  for  themselves  during  a  single 
season. 

Q   O 

NOT   HERE NOT  HERI 
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APPENDIX 

Form  1 

Record  of  daily  axle  counts  (June  1  through  Labor  Day) 

ion Forest District Site 

Date Axle  count Date Axle  count 
Date 

Axle  count 

me  1 July  1 Aug.  1 

me  2 July  2 Aug.  2 

me  3 July  3 Aug.  3 

me  4 July  4 
Aug.  4 

me  5 July  5 Aug.  5 

me  6 July  6 Aug.  6 

me  7 July  7 Aug.  7 
me  8 July  8 Aug.  8 

me  9 July  9 Aug.  9 
me  10 July  10 Aug.  10 
me  11 July  11 

Aug.  11 
me  12 July  12 Aug.  12 
me  13 

July  13 Aug.  13 
me  14 July  14 

Aug.  14 
me  15 July  15 Aug.  15 
me  16 July  16 Aug.  16 
me  17 July  17 

Aug.  17 
me  18 July  18 Aug.  18 
me  19 July  19 

Aug.  19 
me  20 July  20 

Aug.  20 
me  21 July  2 1 

Aug.  21 
me  22 July  22 

Aug.  22 
me  2  3 July  23 Aug.  23 
me  24 July  24 

Aug.  24 
one  25 July  25 

Aug.  2  5 
one  26 July  26 

Aug.  2  6 
ine  27 July  27 Aug.  27 
me  28 July  28 Aug.  28 
me  29 July  29 

Aug.  29 
me  30 

July  30 

July  31 
Aug.  30 

Aug.  31 

Sept.  1 

Sept.  2 

Sept.  3 
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Region 

Site 

Form  2 

Daily  summary  of  axle  count  and  recreation  use 

Forest       District 

Observer  Date 

Counter  readings 

Visits 

(as  tallied 
for  30 
minutes 

each hour) 

Component  uses 

Time o 
c 

o o 
c 

w 

o 

Camping Picnicking Swimming 

Boating 

and/ or Fishing 
Misc. 

Tota 

4) 

0 

0) 

(1* 

0! 

0) 

0 

0) 

■■E 

nj 

a 
o o 

0, 

a 
0 

4) 

a 
o 
Oh 

10:00  AM 00Zd7 /20O6 22  9^3 
10:30 

11:00  AM i 
11:30 

^-o 

12:00  Noon 1 
12:30 

'V 

1:00  PM 

A.-. 

0 1 
1:30 

.^        ( 
^ 

2:00  PM 
^       ̂ 1 

1 
2:30 A 

^       r^ 

3:00  PM ^ 

,        /^ 
j 

3:30 

'•> 

4:00  PM 

jS- 

^ 1 
4:30 

^t? 

5:00  PM 
^y 1 

5:30 o Q 
6:00  PM 

.<^    "^ 

r 1 
6:30 

^   .^ 

1 

7:00  PM i 
7:30 c 

*<? 

] 
8:00  PM rs > 1 
8:30 

'Nr' 

'^r 

9:00  PM 

'^ 

i 
9:30 

10:00  PM 1 
10:00  AM 
(Next  day) 
Totals 

(A)  Total  24 -hour  axle  count   

(B)  Total  visits,    10:00  AM  to  10:00  PM   

(C)  Component  uses 

Camping  -  -  Man-hours,  24 -hour  period  .  .  .  . 
Number  of  parties,  24-hour  period 
Mean  size  of  party   

Picnicking  -  Man-hours,  12 -hour  period  .  .  .  . 
Number  of  parties,  12-hour  period 
Mean  party  size   

Swimming        -       Man-hours,    12 -hour  period    .    .    .   . 

Boating  and/ or 

Fishing      -  Man-hours,    12 -hour  period    .    .    .    . 

Miscellaneous    -  Man-hours,    12 -hour  period    .    .   .   . 

TOTAL  USE  (24 -hour  period)    .    .    . 
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Table  1.  --Visits  and  use  estimates 

Site:    Alexander  Springs  Forest:    Florida 

Period  beginning:     10:00  AM    June  30,  1962 

Region:    8 

Ending:     10:00  AM    September  4,  1962 

Variable Estimate 
Accuracy 

1/ 

Total  visits  (number) 

Camping  use  (hours) 

Average  camping  party  size  (number) 

Picnicking  use  (hours) 

Average  picnicking  party  size  (number) 

Swimming  use  (hours) 

Boating -fishing  use  (hours) 

Total  use  (hours) 

62,877 

470,768 

3.7 

24,892 
4.5 

71,535 

7,842 
613,118 

Percent 

+ 3 0 

+ 11 0 

+ 8 0 

+ 9 0 

+ 

11 

0 

+ 4 0 

+ 8 0 

+ 8 0 

1/  True  value  lies  between  the  plus  percentage  and  minus  percentage  shown,   at  the  67 -percent  level 
of  probability. 
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THE    OLUSTEE    ARBORETUM 

performance   of  67    species 
of    forest    trees 

by 

John    

F.    
Kraus 

introduction 

Tree  improvement  research  at  the  Lake  City  (Florida)  Research  Center 

of  the  Southeastern  Forest  Experim.ent  Station  is  aimed  primarily  at  improv- 
ing oleoresin  yield  of  slash  pine  (Pinus   elliottii  Engelm.  ).      The  wide  range 

in  variation  of  this  trait  among  individual  trees  is  already  being  utilized  in 
the  improvement  of  the  species.      The  results  of  intraspecies   hybridization 
have  been  reported  by  Mergen  (1954),    Mergenetal.    (1955),   Bourdeau  and 

Schopmeyer  (1958,   pp.  313-319),  Squillace  and  Dorman  (1961),  and  Squillace 
and  Bengtson  (1961), 

An  additional  source  of  variation  in  oleoresin  yield  and  chemical  com- 
position exists   in  the  various   species  of  pines.      Many  of  these  species  are 

used  in  their  native  lands  as  a  source  of  oleoresin,   some  of  them  on  a  com- 
mercial scale.   The  Olustee  Arboretum  was  established  in  an  attempt  to  make 

available  as  large  a  pool  of  the  genetic  variation  existing  among  species  as 

could  be  obtained.  1/    Previous  reports  have  described  briefly  the  establish- 
ment of  the  arboretum,   its  first  species  acquisitions,    and  their  early  per- 

formance (Hoekstra  1954;   Kraus  1958). 

The  thought  that  introduced  tree  species  might  have  a  place  in  southern 
forestry  is  not  new.  Performance  of  eucalypts  in  Florida  has  been  discussed 
by  Zon  and  Brisco  (1911).  The  possibility  that  maritime  pine  from  France 
might  be  useful  in  the  naval  stores  belt  was  advanced  by  Eldredge  (1921),  and 
a  number  of  additional  species  and  varieties  were  suggested  by  Gemmer 
(1931).  Trials  of  subtropical  hardwoods  are  continuing  in  south  Florida  under 
the  auspices  of  the  Florida  Forest  Service  (Schory  1957). 

The  use  of  exotics  as  a  substitute  for  applied  breeding  was  advanced  by 
Hardee  (1956).    An  account  of  some   successful  uses  of  exotics  is  given  by 
Moulds  (1957).     More  recently,   the  importance  of  exotics  was   discussed  at 
the  World  Forestry  Congress  by  Achaya  (1960)  and  Fielding  (1960).     Fielding 

1/  Mergen,   Francois.     Arboretum  establishment.     Unpublished  working  plan  on  file  at  Southeastern 
Forest  Experiment  Station,   U.  S.  Forest  Service,   Asheville,   North  Carolina.     1954. 



recognized  some  of  the  difficulties  involved  in  tree  introduction  and  described 

some  of  the  factors  important  in  such  work.    Dorman(1962)  reviewed  the  con- 
ditions under  which  tree   introduction  work  has  been  successful  and  showed 

some  of  the  limitations  in  use  of  exotics  in  specific  tree  breeding  projects. 

Native  and  exotic  species  have  been  planted  in  arboreta  or  on  estates  in 
the  United  States  for  many  years.      Some  arboreta  were  strictly  for  forestry 
purposes  and  others  became   available  for   scientific  work  in  forestry  after 
passing  from  private  ownership.    Only  a  few  of  the  arboreta  need  to  be  listed 
here  to  indicate  their   age   and  the   forest   region  in  which  they  occur.     The 

Mont  Alto  State  Forest  Arboretum  was  started  in  1903  (Pennsylvania  Depart- 
ment of  Forests  and  Waters  1954);  the  arboretum  at  the  Cloquet  Experimental 

Forest,   of  the  University  of  Minnesota,   was  started  in  1922  (S chant z -Hansen 
and  Hall  1952);   The  Eddy  Arboretum,    of  the  Institute  of  Forest   Genetics  at 
Placerville,    California,   was  begun  in  1925  (Liddicoet  and  Righter  1960);   The 
Morgan  Arboretum,   of  Macdonald  College  and  McGill  University  in  Quebec, 
Canada,   began  in  1946  (Macdonald  College,   no  date);    and  the   Norris   Oak 
Arboretum  was  started  by  the  Division  of  Forestry  Relations,   Tennessee 
Valley  Authority  in  1948  (Hatmaker  1957). 

Throughout  this  report  names  of  native  species  are  from  Little  (1953), 

and  non-native  species  generally  are  from  Dallimore  and  Jackson  (1961). 

Location    and    Description 

At  present  the  Olustee  Arboretum  consists  of  two  outplanting  areas. 

The  oldest,    established  in  1954,    is  an  8-acre   area  one-quarter  of  a  mile 
south  of  Ocean  Pond  on  the  Osceola  National  Forest.     It  is  locally  known  as 

either  the  "old"  arboretum,   or  the  "wet"  arboretum  (fig.   1).    The  soil  in  this 
area  is  a  Leon  fine  sand.     It  is  described  as  a  nearly  level,    moderately  wet, 

sandy,   acid  hardpan  soil,    low  to  medium  in  organic  content  and  natural  fer- 
tility.   Despite  the  uniformity  of  soil  type,  there  is  a  slight  naoisture  gradient 

in  the  arboretum,   the  south  end  being  slightly  drier  than  the  rest  of  the  area. 
At  the  time  of  establishment  the  area  was  fenced  for  protection  from  cattle, 
and  this   has   resulted   in  the   development  of  a  heavy   sod  of  carpet   grass 
(Axonopus  affinis).     During  summers  of  normal  rainfall  the  water  table  over 
most  of  the  area  is  very  close  to  the  soil  surface,    and  in  some  small  spots 

actually  rises  an  inch  or  two  above  it.     Since  this  condition  seemed  unfavor- 
able to  the  establishment  of  many  exotic  species,  a  drier  area  has  been  added 

to  the  arboretum. 

The  "new"  or  "dry"  arboretum,   established  in  1958,   is  a  6-acre  area 
one -third  of  a  mile  southeast  of  Ocean  Pond  (fig.  2).     The  soil  is  a  Blanton 
fine  sand,   characterized  as  nearly  level,    droughty  upland;   subject  to  slight 
erosion;   very  deep  acid  sandy  soil,   low  in  organic  matter,   natural  fertility, 
and  available  moisture. 

On  both  areas  a  single  outplanting   consists  of  a  square   2 5 -tree  plot, 
with  12  by  12 -foot  spacing,  and  a  20-foot -wide  access  lane  between  plots  on 
all  sides. 



Figure  1.  --General  view  of  the  wet-site  area,   Olustee  Arboretum,   July  1962. 

Figure  2.  --General  view  of  the  dry-site  area,   Olustee  Arboretum,   July  1962. 



Climate 

Climate  is  best  described  as  humid  temperate.    Freezing  temperatures 

occur  yearly,   light  falls  of  snow  rarely,    and  glaze  ice,    such  as  that  experi- 
enced in  February  1962,   is  extremely  rare. 

The  long-term  rainfall  pattern  is  marked  by  two  periods  of  above  aver- 
age rainfall,  and  two  of  below  average  (fig.  3).  The  wettest  period  of  the  year 

is  from  June  through  September,  when  the  mean  monthly  rainfall  usually  ex- 
ceeds 5  inches.  A  sinaller  peak  in  the  rainfall  pattern  occurs  from  February 

through  April,  when  the  rainfall  averages  about  3|-  inches  a  month.  The  driest 
season  of  the  year  is  usually  from  November  to  January,  with  a  short  dry 
period  commonly  occurring  in  May. 

The  climate  during  the  period   1954  to  1961  has  followed  fairly  closely 

the  long-term  trends.    The  more  pertinent  weather  data  for  the  8-year  period 
are  as  follows: 

Average  annual  rainfall 

Growing  season  rainfall  (March-October) 
Average  annual  temperature 
Average  temperature  of  coolest  year 
Average  temperature  of  warmest  year 

Growing  season  temperature  (March-October) 
Highest  temperature  recorded  (1954) 
Lowest  temperature  recorded  (1959  and  1961) 

Average  frost -free  period 

49.83  inches 
40.00  inches 

69.0°  F. 
67.2°  F. 
70.8°  F. 
74.9°  F. 

105.0°  F. 
17.0°  F. 258  days 
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Figure  3.  --Climograph,   Lake  City,    Florida   (Base:    1883-1961). 



uke   PineA 

Since  1954  a  total  of  67  species  or  varieties,  and  7  interspecific  hybrids, 
have  been  received  for  use  in  the  arboretum.      In  some  cases   more  than  one 

provenance  of  a  species  was  acquired  so  that  all  told  159  acquisitions  of  pine 
(seed  or  seedlings)  have  been  recorded. 

Forty  of  the  species  outplanted,  comprising  100  acquisitions,  were  not 

native  to  the  United  States.  Only  29  of  these  non-native  sources,  including  7 
species,   were  still  active  in  April  1962. 

Twenty -seven  pine   species   involving   50  sources   native  to  the  United 
States  have  been  tried,  and  of  these  only  7  species  are  still  active,  6  of  which 

are  considered  as  "southern  pines." 

Of  the  seven  interspecific   hybrids  (nine  seed  lots)  only  one   was  not  a 

cross  between  "southern  pines,"  and  it  is  the  only  one  which  failed  to  survive. 

The  characteristics  and  performance  of  the  surviving  pine  acquisitions 
are  given  in  the  following  section.      Table  1  contains  data  on  the  exotic  pine 

acquisitions  considered  failures  and  no  longer  active.    Table  2  contains  sim- 
ilar data  on  native  pines. 

Pines    Not    Native    to    the    United    States 

PINUS  DENSIFLORA  SIEB.  &  ZUCC.  --JAPANESE  RED  PINE 

This  species  is  the  most  common  forest  tree  in  Japan.  Its  range  ex- 
tends from  Kynshu  to  Hokkaido.  It  makes  its  best  development  at  higher 

elevations  in  Hokkaido. 

Two  of  three  acquisitions  are  still  active  in  the  Olustee  Arboretum.    In 
general  the  performance  of  P.  densiflora  has  been  characterized  by  relatively 
good  survival  in  comparison  to  other  exotic  pines,  profuse  flowering  at  2  to  3 

years  of  age,  slow  growth  in  comparison  to  P.  elliottii,  and  poor  form  appar- 
ently due  to  high  susceptibility  to  attack  by  tip  moth  (Rhyacionia  spp.  ). 

Lot  No.  11 3. --Received  as  seed  in  1955  from  a  commercial  seed  dealer, 
the  seed  source  is  Japan,    prefecture  unknown.     It  was  first  outplanted  in  the 

wet-site   arboretum   in  January  1957  as   2-0  stock.     A  total  of   35  trees  were 
planted,    10  replacements  being  made  the  first  year. 
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In  April  1962,    24  trees   were    still  alive  having  an  average  height  of 
3  feet,  with  a  range  of  from  1.6  to  5.2  feet  (fig.  4).      Female  strobili  were 
observed  on  three  trees  the  first  year  after  outplanting.    In  1962,     16  trees 
produced  either  male  or  female  strobili. 

Figure  4.  --P.   densiflora  No.  113,    8  years  old  from  seed. 

Lot  No.  136. --Twenty -five  1-0  seedlings   received  from  the  Southern 
Institute  of  Forest  Genetics,  in  January  1957.    The  seed  source  was  Ishikawa 

Prefecture,  Japan.    The  seedlings  were  outplanted  in  the  wet-site  arboretum 
when  received. 

In  April  1962,     12  trees  survived,   averaging  3.1  feet  in  height,  with  a 
range  of  from.  1.5  to  4.9  feet.    All  but  one  of  the  dead  trees  succumbed  in  the 
first  year  after  planting.    Female  strobili  were  recorded  on  one  tree  in  1958, 
and  male  or  female  strobili  on  nine  trees  in  1962. 

PINUS  HALEPENSIS  MILLER --ALEPPO  PINE 

Aleppo  pine  is  widely  distributed  in  the  countries  bordering  the  Mediter- 
ranean.     It  is   highly  drought  resistant,    and  best  adapted  to  hot,    dry  sites. 

Aleppo  pine  is  tapped  for  oleoresin  in  Spain,   Portugal,   Algeria,   and  Greece, 
and  has  been  ranked  as  the  third  largest  naval  stores  producing  pine  in  the 
world  (Rudolf  1932). 
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Attempts  to  establish  P.  halepensis  in  the  Olustee  Arboretum  have  gen- 
erally met  with  failure.      Of  the  seven  acquisitions  tried,    one  failed   in  the 

nursery,   four  failed  after  outplanting,    and  the  remaining  two  lots  are  on  the 
verge  of  being  abandoned.     No  single  cause  of  failure  has  been  noted,   but  the 
species  is  susceptible  to  damage   from  brown  spot  needle   blight   (Scirrhia 
acicola  [Dearn.]  Siggers)  and  from  tip  moth.      In  general,    the  species  has 
shown  better  initial  survival  when  planted  in  the  dry  site  arboretum. 

Lot  No.  156. --Received  as  seed  in  August  1957.  Except  that  the  seed 
were  collected  in  Spain,  no  provenance  data  are  available.  The  seed  were 

sown  in  the  nursery  in  March  1958.  Seedlings  were  outplanted  as  1-0  stock 
averaging  0.6  foot  in  height.  Including  replacements,  a  total  of  53  trees 
were  planted  in  the  wet  arboretum  between  January  and  November  1959. 
Mortality  was  complete  by  March  1961.  The  apparent  cause  of  mortality 
was  the  wet  site. 

A  total  of  32  seedlings   were  planted  in  the  dry-site  arboretum;   7  of 
these  were   alive  in  April  1962.      They  averaged  0.8  foot   in  height  with  a 
range  of  from  0.5  to  1.5  feet,  and  were  generally  of  poor  form  and  low  vigor. 
Future  survival  of  these  trees  appears  doubtful. 

Lot  No.  178. --Received  as  seed  in  December  1957  from  a  commercial 
seed  dealer  in  Austria.     The  seed  were  collected  from  an  unknown  number  of 

trees  80  to  100  years  old.   The  location  given  was  Terni,  Italy,  (lat.  42° 30'  N.  , 
long.  12°30'  W.  ,   alt.  980  to  1,300  feet). 

The  seed  were  sown  in  March  1958,  and  1-0  seedlings  averaged  0.4  foot 
in  height  when  planted,     A  total  of  38  seedlings  were  planted  in  the  wet  arbo- 

retum during  1959;   only  1  survived   until  March  1961,    when  the   plot  was 
abandoned. 

In  the  dry-site  arboretum  29  trees  were  planted,   4  of  which  were  still 
alive  in  April  1962.     They  averaged  1.6  feet  in  height,   with  a  range  of  from 
0.6  to  2.3  feet,   were  poorly  formed,   and  of  low  vigor. 

PINUS  LONGIFOLIA  ROXB.    (P.    ROXBURGHn  SARG.) ^--LONG-LEAVED 

INDIAN  PINE 

One  of  the  most  common  trees  of  the  Himalayas,   P.   roxburghii  is  the 

major  oleoresin-producing  species  of  India.    It  has  been  ranked  fifth  in  world 
naval  stores  production  (Rudolf  1932). 

Only  one  of  four  acquisitions  is  still  active  in  the  Olustee  Arboretum. 

Lot  No.  182. --Received  as  seed  in  1957  from  a  commercial  seed  dealer. 

The  seed  source  given  was  Maler-Kotla,  India,  (lat.  31°30'  N. ,  long.  75°50'  E. , 
alt.  2,350  feet). 

21  Throughout  this  report  the  first  scientific  name  given  is  that  under  which  the  seed  were  obtained, 
while  in  parentheses  is  the  currently  accepted  nomenclature. 
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The  seed  were  sown  in  the  nursery  in  March  1958  and  1-0  seedlings 
averaged  0.9  foot  in  height.      In  January  1959  a  full  plot  was  outplanted  in 
both  arboretum  areas.    On  the  wet  site,  mortality  was  replaced  three  times 
the  same  year,    a  total  of  58  seedlings  being  planted.     There  were  no  sur- 

vivors when  the  plot  was  inventoried  in  March  1961. 

On  the  dry  site,    10  replacements  were  made  in  1959,   but  in  June  1960 
only  9  trees  were  still  living.    In  April  1962,  four  trees  still  survived,  having 
an  average  height  of  1.1  feet  (fig.  5), 

Figure  5,  --P.   longifolia  No.  182,    6  years  old  from  seed. 

The  cause  of  the  heavy  mortality  of  P.  longifolia  in  the  Olustee  Arbo- 
retum seems  to  have  been  mainly  cold  damage.      Seedlings  do  well  the  first 

year  in  the  nursery  but  do  not  harden  off  enough  to  escape  frost  damage.   The 
outplanting  data  indicate  that  in  the  wet  arboretum   some  mortality  occurred 

during  the  summer,    when  the  plots  were  occasionally  flooded  for  a  week  oi' 
more,    and  the  water  table  level  remained  close  to  the  soil  surface. 

PINUS  MASSONIANA  LAMB. --MASSON'S  PINE 

This  little -known  species  is  a  relatively  small  tree  native  to  southeast- 
ern China.  It  bears  a  strong  resemblance  to  P.  densiflora,  and  is  worked  for 

oleorcsin  in  Indochina,   and  probably  in  China. 

Only  one  seed  lot  of  this  species  has  been  tested  in  the  Olustee  Arboretum. 
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Lot  No.  15. --Received  as  seed  in  December  1953  from  the  Institute  of 
Forest  Genetics,   Placerville,   California.     The  locality  of  origin  was  given 

as  Purple  Mountain,    Nanking,    China,  (lat.  32°  N. ,    long.  119°  E.  ).     The  seed 
were  sown  in  March  1954,    and  25  trees  were  outplanted  as  1-1  stock  in  Feb- 

ruary 1956.     Survival  has  been  good,   with  20  trees  still  living  in  April  1962 
(fig.  6).     They  averaged  8.1  feet  in  height,   with  a  range  of  from  4.2  to  11.7 
feet.     The  outstanding  characteristic  of  this  species  has  been  its  precocious 
flowering;    3  seedlings  produced  male  strobili  in  the  seedbed,   and  14  trees 
produced  either  male  or  female  strobili  the  year  after  outplanting.    Repeated 
damage  by  tip  moth  has  resulted  in  poor  form  and  much  less  height  growth 
than  might  have  developed. 

Figure  &.  --P.   massoniana  No.  15,    9  years  olu  from  seed. 

PINUS PATULA SCHLECHTENDAL 

AND  CHAMISSO--SPREADING-LEAVED  PINE 

Pinus  patula  is  native  to  the  higher  elevations  of  the  subtropical  areas 
of  Mexico.     Specimens  in  the  Olustee  Arboretum  are  easily  recognizable  by 

their  slender,   graceful,    drooping  needles.     The  species  has  been  character- 
ized by  extreme  susceptibility  to  tip  moth,   as  well  as  by  very  poor  form. 

Many  trees  have  branched  heavily  close  to  the  ground,   with  no  single  stem 
assuming  dominance  (fig.  7). 

Lot  No.  67. --Received  as  1-0  seedlings  (48)  from  the  Ida  Cason 
Calloway  Foundation,   Hamilton,    Georgia,    in  December  1953.     The  seed 
had  been  obtained  from  Mr.  R.  P.  Stephens,    of  Piggs  Peak,   Swaziland, 

Africa,  (lat.  26°30'  S. ,   long.  31°30'  E.  ).     The  Mexican  origin  of  the  seed 
parents  is  unknown. 
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Figure  7.  --P.   patula  No.  83,    10  years  old  from  seed.     The  multiple  stems  have  been 
characteristic  of  this  species  in  the  Olustee  Arboretum. 

The  seedlings  were  held  in  a  transplant  bed  until  November  1954,  when 

a  full  plot  was  outplanted  in  the  wet -site  area.     Initial  survival  was  compara- 
tively good,    18  trees  still  living  4  years  after  outplanting.     Mortality  has  not 

ceased,   and  each  year  one  or  two  more  trees  have  died.     In  April  1962,   only 
11  of  the  original  seedlings  were  still  alive. 

The  height  of  the  seedlings  averaged  6.4  feet  in  April  1962,   with  a  range 
of  from  2.5  to  9.0  feet.     All  trees  have  been  repeatedly  attacked  by  tip  moth, 

some  show  symptoms  of  brown  spot  needle  blight,   and  four  trees  have  sus- 
tained attacks  in  the  stem  by  larvae  of  Dioryctria  spp. 

Flowering  has  been  recorded  on  four  trees,  the  earliest  record  being 
the  production  of  female  strobili  in  1958. 

In  January  1958,  20  scions  were  collected  and  cleft  grafted  onto  1-0 
slash  pine  stock.  Of  the  16  successful  grafts,  6  were  outplanted  back  to  the 
same  plot  in  spaces  caused  by  mortality;  5  of  the  grafts  still  survived  in 
April  1962.  The  form  of  the  grafts  above  the  union  continues  to  be  poor. 
The  prevalence  of  tip  moth  attack  has  prevented  grafts  from  flowering.  The 
grafts  averaged  5.1  feet  in  height  in  April  1962,  with  a  range  of  from  3.7  to 
8.5  feet. 
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Lot  No.  83. --Received  as  1-0  seedlings  (50)  from  the   Forest  Genetics 
Laboratory,  Texas  Forest  Service,  in  January  1954.    Nothing  is  known  of  the 
Mexican  origin  of  the  seed.   The  seedlings  were  held  in  a  transplant  bed,  and 
25  trees  outplanted  in  the  wet  area  in  November  1954.      Initial  survival  was 
only  fair,  with  12  trees  surviving  4  years  after  outplanting.    Since  1958,  new 
mortality  has  been  low,    and  11  of  the  original  seedlings   were  still  alive  in 

April  1962.    These  trees  now  average  9.7  feet  in  height,  with  a  range  of  from    • 
6.2  to  15.5  feet.   Although  tree  form  is  still  very  poor,  these  trees  generally 
appear  more  vigorous  than  lot  No.  67.      All  trees  have  been  attacked  by  tip 
moth;   in  addition,   three  trees  have  had  stem  attacks  by  Dioryctria  larvae. 

Flowering  was  first  recorded  in  1962  when  five  trees  bore  male  strobili 
and  two  of  the  same  trees  produced  female  strobili. 

In  January  1958,    20  scions  were   collected  and  cleft  grafted  onto  1-0 
slash  pine;    17  of  these  grafts   being  successful,    13  were  outplanted   back  to 
the  same  arboretum  plot.      Of  these   grafts  12  still  survive.      They  average 
6.2   feet   in  height,    with  a  range  of  from  4.3  to  12.5  feet.      In  general  these 

grafts  have  a  greater  tendency  to  be  single -stemmed  than  those  of  lot  No.  67, 
despite   continued  attack  by  tip  moths.      One  of  these  grafts  has  performed 
exceptionally  well.      It  is  12.5  feet  tall,    has  a  comparatively  straight  single 
stem,    and  a  noticeably  greener  and  more  vigorous  appearance  than  either 
the  original  seedlings  or  the  other  grafts.     No  flowering  has  been  recorded 
on  any  of  the  grafted  trees. 

Lot  No.  164. --Received  as  seed  in  August  1957  from  Dr.  Maximino 
Martinez  of  the  Sociedad  Botanica  de  Mexico.    The  seed  were  collected  in 

the  Valley  of  Mexico  (lat.  19°25'  N. ,   long.  99°15'  W. ,    alt.  8,500  feet). 

Seed  sown  in  March  1958  produced  seedlings  which  averaged  0.6  foot 
in  height  in  October  1958. 

In  January  1959,    25  seedlings  were  planted  on  both  the  wet-  and  dry- 
arboretum  sites. 

During  the  first  summer,    20  replacements  were  made  in  the  wet  area, 
but  only  2  trees  survived  in  March  1961,    and  the  plot  was  abandoned. 

On  the  dry  site,    13  replacements   were   made  the   first  year.     Three 
years  after  outplanting,  13  trees  survived.   They  averaged  1.8  feet  in  height, 
with  a  range  of  from  0.9  to  3.1  feet.    Due  to  repeated  tip  moth  damage,  they 
are  poorly  formed  and  generally  appear  of  low  vigor.   In  addition  to  tip  moth, 
three  trees  have  had  small  populations  of  an  unidentified   scale  insect,    and 
brown  spot   needle  blight  was  recorded  on  one  tree. 

Female  strobili  were  recorded  on  one  tree  in  April  1962. 
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PINUS  PINASTER  AIT. --MARITIME  PINE 

Maritime  pine  is  native  to  the  Mediterranean  area,   ranging  from  the 
Atlantic  Coast  of  Portugal  and  France  to  Greece  in  the  east,   with  scattered 
occurrence  in  Algeria  and  Morocco.     In  its  native  habitat,   particularly  Spain, 
Portugal,  and  France,  it  is  intensively  worked  for  the  production  of  oleoresin. 
It  has   been  ranked  as  second   only  to  slash  and  longleaf  pine   in  world  naval 
stores  production  (Rudolf  1932),  accounting  for  22.6  percent  of  the  total  output. 

In  the  Olustee  Arboretum,  P.  pinaster  has  been  notable  for  its  extreme 
susceptibility  to  brown   spot  needle   blight.      Observations  indicate  that  this 
disease  has  been  the   most  probable  primary  pathogen  of  the   species.     It 
appears  that,   given  control  of  brown  spot  needle  blight,   maritime  pine  could 
survive  and  grow  despite  adverse  soil  conditions  and  tip  moth  attack.    Sparse 
foliage   on  the   upper  branches,    with  an  accumulation  of  dead  needles  and 
branches  on  the  lower  stem,    has  typified  the  appearance  of  many  individuals 
(fig.  8). 

Lot  No.  60.  --Received  as  seed- 
lings  (41)   in  December  1953  from 

the  Ida  Cason  Calloway  Foundation, 
Hamilton,  Georgia.    No  record  of  the 
seed  source  is  known.   The  seedlings 
spent  the  summer  in  a  transplant  bed, 
and   25  trees  were   outplanted  in  the 
wet  area  in  November  1954.    Mortal- 

ity has   been  slow  but   steady,   seven 
trees  dying  the  first  2  years,   and  in 
April  1962  only  eight  trees  were  still 
living.   The  remaining  trees  averaged 
9.0  feet  in  height,    with  a  range  from 
5.5  to  14.0  feet  (fig.  9).     In  addition  to 
brown  spot  needle  blight,   tip  moth  has 
damaged  most  of  the  trees  periodically. 

Flowering  has  been  recorded  on 
three  trees,  the  earliest  record  being 
the  production  of  female    strobili  on 
one  tree  in  1958. 

Figure  8.- -P.  pinaster.  This  9 -year -old 
tree  is  typical  of  maritime  pine  in  the 
Olustee  Arboretum.  Many  individuals 
attained  this  size  before  dying. 
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Figure  9.  --P.   pinaster  No.  60,    11  years  old  from  seed. 

Lots  No.  73  and  105. --Received  as  seedlings  (66)  in  February  1954  from 
the  Forest   Genetics   Laboratory  of  the  Texas   Forest   Service,   and  the  East 
Gulfcoast  Research  Center  of  the  Southern  Forest   Experiment  Station.     The 

seed  were   collected  in  the  vicinity  of  Burgos,   Spain,    (lat.  42°47'  N.  ,    long. 
3°23'  W. ,    alt.  1,800  feet)   in  1950.      It  apparently  came  from  a  single  tree 
having  a  straight  stem,    a  height  of  29.6  feet,    and  a  production  of  about  3.5 
pounds  of  raw  gum  in  1950. 

After  one  summer  in  a  transplant  bed,    30  trees  were  outplanted  in  the 
wet  area  in  November  1954.      In  April  1962,    after  seven  growing  seasons, 
only  four  trees   survived.      These  trees  averaged  2.8  feet  in  height,   with  a 
range  of  from  2.3  to  3.5  feet.   Repeated  infection  by  brown  spot  needle  blight 
has  stunted  growth  considerably.     None  has  produced  flowers. 

Lots  No.  74  and  102. --Received  as  seedlings  (65)  in  January  1954  from 
the  Forest  Genetics  Laboratory  of  the   Texas  Forest  Service,    and  the  East 
Gulfcoast  Research  Center  of  the  Southern  Forest  Experiment  Station.     The 
seed  were  collected  in  1952  in  the  vicinity  of  Cuenca,  Bonidies,  Spain,  (lat. 

39°55'  N.  ,    long.  1°41'  W. ,    alt.  3,600  feet).      The  seedlings  were  held  in  a 
transplant  bed  until  November  1954,    when  30  seedlings  were   outplanted  in 
the  wet  arboretum.     In  April  1962,  eight  trees  survived,  having  an  average 
height  of  4.1  feet,    and  a  range  of  from  2.6  to  6.7  feet.      Brown  spot  needle 
blight  has  been  recorded  on  all  trees.     None  has  flowered. 
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Lot  No.  76. --Received  as  seedlings  (50)  in  January  1954  from  the  Forest 
Genetics   Laboratory,   of  the   Texas  Forest  Service.      The  seed  were  obtained 

from  trees  in  Mexico,    sent  as  P.   patula  and  later  identified  as  P.   pinaster. 
Whether  the  seed  were  collected  from  a  plantation  of  maritime  pine  in  Mexico, 
or  were  from  a  seed  shipment  which  originated  in  Spain,    is  not  known.     The 

seedlings  were  outplanted  in  the  wet-site  arboretum  in  November  1954,    after 
spending  the  summer  in  a  transplant  bed.      Only  nine  trees  still  survived  in 
April  1962.   These  trees  averaged  7,7  feet  in  height,  with  a  range  of  from  4.3 
to  14.0  feet.      All  trees  have  sustained  damage  from  brown  spot  needle  blight 
and  tip  moth.      Flowering  has  been  recorded  on  four  trees,    the  first  record 
being  in  1961,  when  two  of  the  trees  produced  male  strobili,  and  one  produced 
female  strobili. 

Lots  No.  82  and  99. --Received  as  seedlings  (52)  in  February  1954  from 
the  Forest  Genetics  Laboratory  of  the   Texas  Forest  Service,    and  the  East 
Gulfcoast  Research  Center  of  the  Southern  Forest  Experiment  Station.     The 
seed  were  collected   in  the  vicinity  of  Soria   (Tardelcuende),    Spain,    (lat. 

41°43'  N. ,  long.  2°34'  W.  ,  alt.  3,600  feet)  in  1950.    The  collection  was  made 
in  a  natural  stand  having  rather  crooked  stem  form,    with  an  average  total 
height  of  39  feet.    It  had  been  worked  for  oleoresin  from  1947  through  1949, 
with  an  average  production  per  tree  of  5.5  pounds  of  crude  gum. 

After  one  summer  in  a  transplant  bed,  30  trees  were  outplanted  in  the 

wet-site  area  in  November  1954.      In  April  1962,    only  four  trees  survived. 
These  trees  averaged  3.6  feet  in  height,  with  a  range  of  from  2.5  to  4.7  feet. 
All  of  the  trees  have  been  infected  by  brown  spot  needle  blight.    None  of  the 
trees  has  produced  flowers. 

Lots  No.  93  and  101. --Received  as  seedlings  (29)  in  February  1954  from 
the  Forest  Genetics  Laboratory  of  the  Texas  Forest  Service,   and  the  East 
Gulfcoast  Research  Center  of  the  Southern  Forest  Experiment  Station.     The 

seed  were   collected  in  the  vicinity  of  Avila,   Spain,    (lat.  40°14'  N. ,    long. 
5°05'  W.  ,    alt.  1,600  feet)  in  1949.      The  parent  trees  averaged  56  feet  taU. 

In  November  1954,  after  one  summer  in  the  transplant  bed,    10  trees 

were  outplanted  in  the  wet-site  area.     In  April  1962,   only  three  trees  still 
survived.    These  trees  averaged  4.9  feet  in  height,  with  a  range  of  from  4.5 
to  5.2  feet.      They  have  been  attacked  by  both  brown  spot  needle  blight  and 
tip  moth.     One  tree  produced  female  strobili  in  1961. 

Lot  No.  106. --Received  as  seedlings  (16)  in  February  1954  from  the 
East  Gulfcoast  Research  Center,  of  the  Southern  Forest  Experiment  Station. 
The  seed  were  collected  in  1952  in  the  vicinity  of  Pontevedra,   Spain,  (lat. 

42°07'  N. ,    long.  8°20'  W. ,    alt.  1,300  feet).      The  collection  was  made  in  a 
natural  stand  having  an  average   height  of  49  feet.      After  one  summer  in  a 
transplant  bed,  five  trees  were  outplanted  in  the  wet  area  in  November  1954. 
In  April  1962,    after  seven  growing  seasons,    only  one  tree  survived.     This 
tree  was  11  feet  tall,  has  been  attacked  by  brown  spot  needle  blight,  and  has 
not  yet  flowered. 
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Lot  No.  110. --Received  as  seed  in  February  1954,    origin  not  known. 
The  seed   were  sown  in  the  nursery  in   March  1954,    and  a  full  plot  of  1-0 
stock  outplanted  in  the  wet -site   arboretum  in  January  1955.     In  April  1962, 
after  six  growing  seasons  in  the  arboretum,  10  trees  were  still  alive.   These 
trees   averaged  6.8  feet  in  height,    and  ranged  from  4.4  to  9.5  feet   (fig.  10). 
Infection  by  brown  spot  needle   blight   has  been  recorded  on  all  trees  still 
present  in  the  plot.    Flowering  has  been  recorded  on  three  of  the  trees,  the 
earliest  in  1961,  when  three  trees  produced  female  strobili  and  one  produced 
male. 

Lot  No.  143. --Received  as  seed  in  1953.   The  seed  were  collected  from 

a  single  tree   somewhere  in  Portugal,    described  as   being  the   best  gum- 
producer  seen  in  that  country. 

The  seed  were  sown  in  the  nursery  in  March  1957,    and  a  full  plot  of 

seedlings  outplanted  in  August  1957  on  the  wet-site  area.    One  tree  was  re- 
placed in  December  1957,    and  four  trees   were  replaced  in  December  1958. 

In  April  1962,    only  10  trees   survived.      They  averaged   2.0  feet   in  height, 
with  a  range  of  from  1.5  to  2.7  feet. 

rt 
Figure  10.  --P.   pinaster  No.   110,    9  years  old  from  seed. 

PINUS  PINEA  L.- -ITALIAN  STONE  PINE 

Plnus  pine  a  is  native  to  the  Mediterranean  region  from  Portugal  to  Asia 
Minor.      Highly  valued  because   of  its   large   edible   seed,    it  has   long  been 

planted  for  this  purpose.   The  origin  of  most  stands  is  very  difficult  to  deter- 
mine.     It  is  regularly  worked  for  naval  stores  in  Spain  and  Portugal,    at  one 

time  being  ranked  fourth  in  world  naval  stores  production  (Rudolf  1932). 

This  species  has  been  characterized  in  the   Olustee  Arboretum  by  slow 
growth,  susceptibility  to  brown  spot  needle  blight,  and  a  reluctance  to  produce 
secondary  needles.      Tip  moth  attack  has   killed  back  the  central  terminal  of 
many  trees,   producing  a  rather  bushy  plant  (fig.  11). 



Figure  11. --Typical  appearance  of  5 -year- 
old  P.  pinea;  primary,  as  well  as  second- 

ary,  needles  are  still  being  produced. 

A  total  of  11  acquisitions  have 
been  obtained,    and  10  of  these  are 
still  active. 

Lot  No.  130. --Received  as  seed 
of  unknown  origin  in  February  1956, 
and  sown  in  the   nursery  the   same 
spring.      Five   seedlings   were   out- 
planted  in  the  wet -site  area  in  Jainuary 
1957.    In  April  1962,  three  trees  were 
still  alive.    They  averaged  1.3  feet  in 
height  and  ranged  from  1.0  to  1.6  feet. 
The  slow  growth  of  these  trees  seems 
to  be   due  to  a  combination  of  brown 

spot  needle  blight,    tip  moth  damage, 
and  yearly  competition  from  grass 
and  herbaceous  plants. 

Lot  No.  157.- -Received  as  seed 
from   an   unknown in  September  1957 

seed  source  somewhere  in  Spain.   The 
seed  were   sown   in  the   nursery  in 
March  1958,    and  the  seedlings   averaged  0.8  foot  in  height  as  1-0  stock. 
A  full  plot  was  outplanted  in  the   wet -site  area  in  January  1959.     During 
1959,     15  replacements  were  made,  and  in  April  1962  five  trees  were  still 
alive  which  averaged  1.2  feet  in  height,   with  a  range  of  from  0.8  to  1.5  feet. 
Tip  moth  damage  has  caused  a  loss  in  height  growth,  with  some  trees  being 
shorter  in  1962  than  they  were  in  1961. 

A  full  plot  was  also  planted  in  the  dry-site  area.      During  1959,   two 
replacements  were  made  and  in  April  1962,    21  trees  were  still  alive.   These 
trees  averaged  1.0  foot  in  height,  with  a  range  of  from  0.5  to  1.6  feet.   Despite 

higher  survival  on  the  dry  site,   tip  moth  has  still  caused  losses  of  height  in- 
crement.     The  foliage  of  many  of  the  trees   still  consists  principally  of  the 

characteristic  bluish  primary  needles. 

Lot  No.  158. --Received  as  seed  in  August  1957  from  the  Conservator  of 
Forests,  Ilanoth,  Israel.  The  seed  were  collected  in  1954  from  a  25-year-old 
plantation  of  unknown  origin  in  the  Baharan  Forest,  Nazareth  District,  (lat. 

32°43'  N.,   long.  35°18'  E. ,    alt.    1,150  feet). 

The  seed  were  sown  in  the  nursery  in  March  1958  and  germinated  very 

poorly.    The  seedlings  averaged  0.7  foot  as  1-0  stock.    Twelve  seedlings  were 
outplanted  in  the  wet-site  area  in  January  1959.    In  April  1962,  three  of  these 
trees  were  still  alive.    They  averaged  0.7  foot  in  height,  with  a  range  of  from 
0.5  to  0.8  foot. 
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Lot  No.  166. --Received  as  seed  in  October  1957  from  the  Instituto  Di 

Selvicoltura,  Firenze,  Italy.    The  seed  were  collected  from  an  unknown  num- 
ber of  trees  in  the  State  Forest  of  Cecina  (lat.  43°20'  N. ,  long.  10° 30'  E. ,   alt. 

0  to  50  feet). 

The  seed  were  sown  in  the  nursery  in  March  1958,  and  1-0  stock  aver- 
aged 0.9  foot  in  height.     A  full  plot  was  outplanted  in  December  1958,   and  six 

trees  replaced  during  1959.      In  April  1962  the  one  tree  still  alive  was  lifted 

and  used  as  a  replacement  in  the  dry-site  area. 

A  full  plot  was  outplanted  in  January  1959  on  the  dry-site  area.  Survival 
of  these  seedlings  has  been  good.  Two  trees  were  replaced  in  1959.  In  April 

1962,  23  trees  were  still  alive.  Brown  spot  needle  blight  has  not  been  so  evi- 
dent on  the  dry-site  area  as  on  the  wet  site.  However,  some  trees  on  the  dry 

site  have  lost  increment  due  to  tip  moth  damage.  In  April  1962,  the  survivors 

in  the  dry-site  area  averaged  1.5  feet  in  height,  with  a  range  of  from  1.1  to 
1.8  feet  (fig.  12). 

Lot  No.  167. --Received  as  seed  in  October  1957  from  a  commercial 

dealer  in  Italy.  The  seed  were  collected  from  a  stand  at  sea  level  some- 
where along  the  central  coast  of  Italy. 

Sown  as  seed  in  the  nursery  in  March  1958,  the  1-0  stock  averaged  0.8 
foot  in  height.  Full  plots  were  planted  on  both  the  wet-  and  dry-site  areas. 
On  the  wet-site  area,  six  replacements  were  made  in  1959.  In  April  1962, 
only  eight  trees  survived,  having  an  average  height  of  0.7  foot,  with  a  range 
of  from  0.5  to  1.0  foot. 

Figure  12.  --P.  pinea  No.  166,    5  years  old  from  seed. 
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Survival  on  the  dry-site  area  has  been  higher,    only  one  replacement 
being  made  in  1959.    In  April  1962,    24  trees  were  still  alive,  with  an  aver- 

age height  of  1.2  feet  and  a  range  of  from  0.7  to  2.0  feet. 

Lot  No.  174. --Received  as  seed  in  November  1957  from  the  Minister 
of  Agriculture,  Madrid,  Spain.  The  seed  were  collected  in  the  vicinity  of 

Avila,    Spain,  (lat.  40°40'  N. ,   long.  5°40'  W. ). 

From  seed  sown  in  the  nursery  in  March  1958,  seedlings  averaged  0.8 

foot  in  height  as  1-0  stock.     Full  plots  were  planted  in  both  the  wet-site  and 
dry-site  areas  in  December  1958.     On  the  wet-site  area,  seven  replacements 
were  made  in  1959,  and  in  April  1962,    12  trees  survived.    These  trees  aver- 

aged 1.6  feet  in  height,  with  a  range  of  from  0.6  to  1.5  feet.     On  the  dry-site 
area  only  one  replacement  was  needed  in  1959,  and  21  trees  survived  in  April 
1962.    These  trees  averaged  1.1  feet  in  height,  with  a  range  of  from  0.4  to  2.0 
feet.    Tip  moth  damage  has  kept  the  average  height  of  these  seedlings  almost 
constant  for  the  past  three  growing  seasons. 

Lot  No.  175. --Received  as  seed  in  November  1957  from  the  Minister  of 
Agriculture,  Rome,  Italy.   The  seed  were  collected  in  the  vicinity  of  Orbetello, 

Italy,    (lat,  42°24'  N. ,    long.  11°10'  E. ,    alt.   sea  level).     The   collection  was 
made  from  an  unknown  number  of  trees  which  had  been  planted  along  the  sea- 

shore to  consolidate  sand  dunes. 

The  seed  were  sown  in  the  nursery  in  March  1958,  and  1-0  stock  aver- 
aged 0.9  foot  in  height.     Full  plots  were  outplanted  in  December  1958  in  both 

the  wet-  and  dry-site  areas.     On  the  wet-site  area,  four  replacements  were 
made  in  1959.      In  April  1962,    only  three  trees   still  survived.      They  were 

lifted  and  used  as  replacements  on  the  dry -site  area.    Survival  on  the  dry- 
site  area  has  been  better.    In  April  1962,    22  trees  still  survived,  having  an 
average   height  of  1.2  feet,    and  a  range  of  from  0.4  to  2.1  feet.      Tip  moth 

damage  to  these  trees  during  the  1961  growing  season  caused  a  slight  de- 
crease in  average  height. 

Lot  No,  177, --Received  as  seed  in  November^  1957   from  the  Acting 
General  Director  of  Forests,   Ankara,   Turkey,      The  seed  were  collected  in 

1957  from  a  25-year-old  stand  in  the  vicinity  of  Izmir,  Turkey,  (lat,  38°30'  N. , 
long.  27°00'  E. ,   alt.  13  feet). 

The  seed  were  sown  in  the  nursery  in  March  1958,    and  averaged  0.6 

foot   as  1-0  stock.      Full  plots   were  planted  on  both  arboretum  sites   in 
December  1958,    Because  survival  on  the  wet-site  area  was  very  poor,  the 
three  trees  remaining  in  April  1962  were  lifted  and  transferred  to  the  dry- 
site  area. 

On  the  dry-site  area,  two  replacements  were  made  in  1959.  In  April 
1962,  16  trees  survived,  having  an  average  height  of  1.2  feet,  with  a  range 
of  from  0.8  to  1.5  feet. 
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Lot  No.  180. --Received  as  seed  in  December  1957   from  Vilmorin- 
Andrieux,  Paris,  France.    The  seed  were  collected  from  an  unknown  num- 

ber of  trees  on  the  shore  of  the  Adriatic  at  Cervia,   near   Ravenna,   Italy, 

(lat.  44°30'  N. ,    long.  12°00'  E. ,   alt.   sea  level). 

The  seed  were  sown  in  the  nursery  in  March  1958,   and  averaged  0.8 

foot  in  height  as  1-0  stock.    Full  plots  were  planted  in  December  1958  in  both 
the  wet-  and  dry-site  areas.      Two  trees  were  replaced  in  the  wet-site  area 
during  1959,   but  survival  has  been  poor.      Only  two  trees  remained  alive  in 

April  1962.    They  were  lifted  and  used  as  replacements  on  the  dry-site  area. 
One  replacement  was  made  on  the  dry-site  plot  in  1959,    and  in  April  1962, 
20  trees  survived.      They  averaged  1.5  feet  in  height,    with  a  range  of  from 
1.0  to  2.2  feet. 

Lot  No.  190. --Received  as  seed  in  January  1958  from  a  commercial 
seed  dealer  in  Verona,   Italy.      The  seed  were  collected  in  the  vicinity  of 

Pisa,   Italy,    (lat.  43°30'  N. ,   long.  10°30'  E.  ). 

The  seed  were  sown  in  the  nursery  in  March  1958,  and  1-0  stock  aver- 
aged 0.9  foot   in  height.      Full  plots   were   planted   in  both  arboretums   in 

December  1958.      One  replacement  was  necessary  in  1959  in  the  wet-site 
area.     In  April  1962,     14  trees   survived  on  the  wet-site  area,    having  an 
average  height  of  0.9  foot  and  a  range  of  from  0,6  to  1.5  feet.    Damage  due 
to  tip  moth  has  caused  almost  all  of  the  trees  in  this  plot  to  have  a  negative 
height  increment  during  the  1961  growing  season. 

On  the  dry-site  area,  four  replacements  were  made  during  1959,  and 
in  April  1962,  22  trees  survived.  These  trees  averaged  1.3  feet  in  height, 
with  a  range  of  0.9  to  1.6  feet.  Here  again  tip  moth  damage  has  caused  the 
height  increment  to  remain  constant  for  the  past  two  growing  seasons. 

PINUS  THUNBERGII  PARL.  --JAPANESE  BLACK  PINE 

A  native  of  Japan,   this  species  has  been  cultivated  for  many  years.    It 
is  the  principal  Japanese  pine  worked  for  naval  stores. 

In  common  with  other  Asiatic  species,   P.  thunbergii  has  been  charac- 
terized in  the   Olustee  Arboretum  by  relatively  good  survival  and  early 

flowering.    The  trees  are  generally  poorly  formed,  with  a  slower  growth  rate 
than  that  of  slash  pine. 

Lot  No.  71. --Received  as  seedlings  (50)  in  January  1954   from  the 
Forest  Genetics  Laboratory,  of  the  Texas  Forest  Service.    The  seed  were 
collected   in  1952  from  an  unknown  number  of  trees  in   Gifu  Prefecture, 

Harusato,   Japan,  (lat.  35°30'  N. ,   long.  136°45'  E.  ). 

The  seedlings  were   held  in  a  transplant  bed  until  November  1954, 

when  a  full  plot  was  outplanted  in  the  wet -site  area.   No  replacements  were 
made,    and  in  April  1962,    24  trees  survived,    having  an  average  height  of 
5.7  feet,   with  a  range  of  from  2.2  to  8.2  feet  in  height  (fig.  13).     The  trees 
have  been  repeatedly  attacked  by  tip  moth,   causing  some  of  the  poor  form. 
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•  re  13.  --P.   thunbergii  No. 
old  from  seed. 

71,     11  years 

and  unidentified  scale  insects  have 
been  recorded  as  occurring  on  some 
trees   in  some  years.     Flowering 
was  first  noted  in  1958,  when  three 
trees  produced  female  strobili,    and 
two  trees  produced  male  strobili. 
Flowering  has  increased,  and  in  1962, 
19  trees  were  recorded  as  having 
either  male  or  female  flowers. 

Lot  No.  135. --Received  as  seed- 
lings  (25)   in  January  1957  from  the 

Southern  Institute  of  Forest  Genetics. 

The  seed  originated  in  Ishikawa  Pre- 
fecture,  Japan.     A  full  plot  was  out- 

planted  in  January  1957  on  the  wet -site 
area.     Most  of  the  mortality  occurred 
during  the  first  year,  when  eight  trees 
died.      In  April  1962,    15  trees  were 
still  alive.     These  trees  averaged  3.1 
feet   in  height,    with  a  range   of  from 
1.8  to  4.7  feet.     Flowering  was  first 
recorded  in  1958,    when  three  trees 
produced  female  strobili.     Flowering 
has  continued  and  in  April  1962  female 
strobili  were   recorded  on  all  trees 

in  the  plot,   and  male  strobili  on  nine 
of  them. 

Pines    Native    to    the    United    States 

PINUS  CLAUSA  (CHAPM.  )  VASE Y- -SAND  PINE 

Sand  pine  is  considered  one  of  the  minor  species  of  southern  pine  in  the 
United  States.      Its  range  is  almost  entirely  confined  to  the  State  of  Florida. 

Two  "races"  of  sand  pine  have  been  recognized  (Little  and  Dorman  1952).   The 
first  of  these,  distinguished  by  its  closed  cone  characteristic,  occurs  in  north 

central  Florida  and  is  commonly  known  as   "Ocala  sand  pine."     The  second 
race,    which  is  geographically  isolated  from  the  first  occurs  in  the  western 
part  of  Florida  along  the  Gulf  Coast.   It  is  distinguished  by  its  open  cones  and 

is  known  as  the   "Choctawhatchee  sand  pine."     Only  the  Ocala  or  closed  cone 
race  has  been  tried  in  the  Olustee  Arboretum. 

Lot  No.  139. --Received  as  seed  in  1955  from  a  collection  made  on  the 

Ocala  National  Forest  in  Florida  (lat.  29°08'  N. ,  long.  81°50'  W.  ).    In  January 
1957,    1-0  stock  of  this  seed  source  was  outplanted  in  the  wet-site  arboretum. 
Survival  being  very  poor,    replacements  were  made  several  times,   but  these 
also  failed. 
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In  November  1959,   a  full  plot  was  outplanted  in  the  dry-site  arboretum. 
Survival  and  growth  on  this  area  has  been  much  better.   In  April  1962,    13  trees 
survived,    having  an  average  height  of  7.1  feet  and  a  range  of  from  3.4  to  10 
feet   (fig.  14).      Flowering  in  this  species   begins  at  an  early  age,    and  female 
strobili  were  recorded  on  12  trees  in  March  1961. 

PINUS  ELLIOTTII  VAR. 

DENSA  (LITTLE  &  DORMAN)- -SOUTH  FLORIDA  SLASH  PINE 

This  variety  of  slash  pine  occurs  in  southern  Florida  and  north  along 
the  coasts  to  central  Florida   (Little  and  Dorman  1954).      It  is  characterized 

in  its  native  range  by  its  grass-like  seedlings  and  its  thick  taproot  resembling 
that  of  Pinus  palustris. 

Lot  No.  189. --Received  as  seed  in  January  1958  from  a  collection  made 

in  Hendry  County,   Florida,  (lat.  26°30'  N.  ,   long.  82°00'  W. ).     Seed  were  sown 
in  March  1958,    and  at  the  time  of  outplanting  seedlings  in  the  nurserybed  av- 

eraged 0.7  foot  in  height.     Connplete  plots  were  outplanted  in  both  the  wet-site 
and  dry-site  arboretum  in  January  1959.     Fourteen  replacements  were  made 
in  the  wet-site  area  during  1959.      In  April  1962,    17  trees   survived,   having 
an  average  height  of  0.7  foot  and  a  range  of  from  0.3  to  1.3  feet  in  height. 

Initial  survival  on  the  dry-site  area  was  poor  in  1959,  and  21  trees  had 
to  be  replaced.      In  April  1962,     13  trees  survived,    having  an  average  height 
of  1.9  feet  and  a  range  of  from  0.5  to  3  feet   (fig.  15).     When  planted  in  north 
Florida,  this  variety  commonly  sustains  some  cold  injury.    It  is  very  possible 
that  part  of  the  poor  initial  survival  was  due  to  the  outplanting  of  stock  which 
had  been  damaged  by  cold  while  still  in  the  nurserybed. 

PINUS  ELLIOTTII  VAR.    ELLIOTTII- -SLASH  PINE  (TYPICAL) 

This  well-known  species  ranges  from  the  Atlantic  Coastal  Plain  in 
southern  South  Carolina  to  central  Florida  and  west  along  the  coast  to  south- 

eastern Louisiana. 

Lot  No.  192. --Received  as  seed  in  January  1958  from  a  single  tree 

having  proliferated  cones  in  the  vicinity  of  Dublin,    Georgia,  (lat.  32°30'  N. , 
long.  82°50'  W.  ).     Seedlings  were  outplanted  as  1-0  stock  in  December  1959 
in  both  the  wet-  and  dry-site  arboretums.     Survival  on  both  sites  has  been 
good  and  no  replacements  were  made.     On  the  wet -site  area,    24  trees  re- 

mained in  April  1962,   averaging  1.6  feet  in  height,   with  a  range  of  from  1.2 

to  2.2  feet.     On  the  dry-site  area,   2  3  trees  still  survived  in  April  1962,  with 
an  average  height  of  2.2  feet  and  a  range  of  from  1.6  to  2.8  feet. 

PINUS  GLABRA  WALT.  --SPRUCE  PINE 

This  minor  southern  species  ranges  from  the  Atlantic  Coast  in  South 
Carolina  through  north  central  Florida  and  west  to  southeastern  Louisiana. 
Nowhere  abundant,  it  occurs  principally  as  a  scattered  tree  in  association 
with  southern  bottomland  hardwoods. 



Figure  14.  --P.   clausa  No.  139,    5  years  old  from  seed. 

Figure  15.  --P.   elliottii  var.   densa  No.  189,    5  years  old  from  seed. 
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Lot  No.  35. --Received  as  seed  from  a  collection  made  in  the  vicinity  of 

Charleston,   South  Carolina,    (lat,  33°  N. ,    long,  80'  W.  ).     Seed  were  sown  in 
the  nursery  in   March  1954,    and  twenty  2-0  seedlings   were  outplanted  in  the 
wet-site   arboretum   in   December  1955.      No  mortality  has  occurred,   and  in 
April  1962  the  trees  averaged  13.8  feet  in  height,  with  a  range  of  from  9.6  to 
16.6  feet  (fig.  16).      The  average   diameter  at  breast  height  was  2.7  inches, 
ranging  from  1.4  to  3.8  inches.      The  first  evidence  of  flowering  occurred  in 
1962,  when  four  trees  produced  female  and  one  tree  produced  male  strobili. 

Figure  16.  --P.   glabra  No.  35,     10  years  old  from  seed. »             

Lot  No.  244. --Received  as  seed  collected  in  the  fall  of  1958  from  sev- 
eral trees  in  mixture  with  hardwoods  on  a  hammock  site   along  Rose  Creek, 

southwest  of  Lake  City,   Florida,    in  Columbia  County,  (lat.  30°  N.  ,  long.  82°  W. 
alt.  200  feet).      The  seed  were  sown  in  the  nursery  in  April  1959,    and  a  full 
plot  of  seedlings   outplanted  in  the   dry  arboretum  in  January  1960.     In  April 
1962,     13  trees  survived,   having  an  average  height  of  1.3  feet  and  a  range  of 
from  0.8  to  1.9  feet.      Most  of  the  mortality  in  this  plot  occurred  the  first 
summer  following  outplanting  and  was  probably  due  to  the  dryness  of  the  site. 

PINUS  RIGIDA  MILL. --PITCH  PINE 

This  species  is  native  of  the  eastern  portion  of  the  United  States.     It 
ranges  from  Maine  to  southern  Ohio,   and  into  western  South  Carolina.     The 
virgin  stands  of  this  species  supplied  the  major  portion  of  the  naval  stores 
used  in  the  early  American  colonies. 

This  species  has  been  characterized  in  the  Olustee  Arboretiim  by  its 
slow  growth  and  poor  form.  Since  tip  moth  has  attacked  most  trees,  at  least 
a  portion  of  the  poor  form  can  be  attributed  to  damage  by  this  insect. 



29 

Lot  No.  21. --Received  as   seed   in  December  1953  from  the  Western 
Institute  of  Forest  Genetics.     The  seed  were  collected  between  Milford  and 

Amherst  on  Highway  10  in  New  Hampshire  (lat.  43°  W. ,  long.  72°  N. ).    Seed 
were  sown  in  the  nursery  in  March  1954,    and  25  seedlings  were  outplanted 

as  2-0  stock  in  December  1955  in  the  wet  arboretum.   In  April  1962,    21  trees 
survived,   having  an  average  height  of  5.0  feet  and  a  range  of  from  2.4  to  7.1 
feet   (fig.  17).      Female  strobili  were  recorded  on  two  trees  in  March  1958, 
and  in  1962,     10  trees  produced  female  strobili  and  8  produced  male. 

Lot  No.  150. --Received  as  seed  in  April  1955  from  a  commercial  seed 
dealer.     The  geographic  origin  of  the  seed  is  unknown.     Seed  were  sown  in 

the  nursery  in  March  1957,   and  25  trees  planted  in  the  wet-site  arboretiom  in 
December  1957.     In  March  1958,   hogs  uprooted  part  of  the  plot  and  nine  1-1 
replacement  trees  were  planted  in  December  1958,   restoring  the  plot  to  full 
stocking.     In  April  1962,    14  trees  were  still  alive,   having  an  average  height 
of  2.7  feet  and  a  range  of  from  1.2  to  4.2  feet.     Male  strobili  were  recorded 
on  eight  trees  in  March  1961  and  again  in  the  spring  of  1962. 

PINUS  SEROTINA  MICHX.  --POND  PINE 

This  tree  is  considered  one  of  the  minor  species  of  southern  pine.     It 

ranges  along  the  Atlantic  Coastal  Plain  from  southern  New  Jersey,  to  north- 
western Florida  and  Alabama. 

Lot  No.  201. --Seed  were  collected  in  February  1958  from  three  trees 
located  4|  miles  west  of  the  Olustee  Experimental  Forest  on  the  north  side  of 

the  right-of-way  of  U.  S.  Highway  90,  in  Columbia  County,  Florida,  (lat.  30°  N. , 
long.  82°  W. ,    alt.    110  feet).      The  trees  from  which  the  seed  were  collected 
averaged  14  inches  in  d.  b.  h. ,  and  had  an  average  height  of  approximately  70 

feet.     Seed  were  sown  in  the  nursery  in  March  1958,    and  1-0  nursery  stock 
averaged   0.8  foot  in  height.     Full  plots  were  planted  in  January  1959  in  both 

the  wet-  and  dry-site  arboretums.     Two  replacements  were  made  in  1959  in 
the  wet-site  plot.      In  April  1962,    24  trees  survived,    averaging  2.1  feet  in 
height,  with  a  range  of  from  1.1  to  3.2  feet  (fig.  18).     Tip  moth  damage  has 
been  recorded  on  five  trees  in  the  wet -site  area.      None  of  these  trees  has 
yet  produced  flowers. 

On  the  dry-site  area  three  replacements  were  made  in  1959.     In  April 
1962,    25  trees  were  alive,    averaging  6.3  feet  in  height,   with  a  range  of  from 
4.6  to  8.7  feet.     Two  of  the  trees  in  this  area  produced  female  strobili  in  the 
spring  of  1961,    and  in  1962  female  strobili  were  produced  by  13  trees,    and 
male  strobili  by  seven  trees.    No  insect  or  disease  damage  has  been  recorded 
on  this  species  in  the  dry  arboretum.     Pond  pine  is  generally  thought  of  as  a 
species  better  adapted  to  wet  sites;   hence,  the  growth  on  these  two  areas  is 

somewhat  at  a  variance  with  what  would  have  been  expected.   However,  a  pos- 
sible explanation  is  that  the  wet  arboretum  has  a  rather  heavy  sod  cover,   in 

comparison  with  the  dry  arboretum,   in  which  almost  no  ground  cover  exists, 
making  the   availability  of  moisture  to  these  widely  spaced  trees  possibly 
greater  on  the  dry  site  than  on  the  wet  site.     In  addition,   the  plot  on  the  dry 
site  is  located  in  the  lower  and  moister  end  of  the  area,    although  it  is  still 
drier  than  the  wet  arboretum. 
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Figure  17.  --P.   rigida  No.  21,    9  years  old  from  seed. 

Figure  18. -P.    serotina  No.  201,    5  years  old  from  seed. 



31 

PINUS  TAEDA  L.  -  -LOBLOLLY  PINE 

This  species  ranges  from  southern  New  Jersey  through  the  Atlantic 
Coastal  States  west  to  Texas,  and  from  Florida  north  to  southern  Tennessee. 

Lot  No.  59. --Received  as  seedlings  (39)  in  December  1953  from  the 
Ida  Cason  Calloway  Foundation  in  Hamilton,    Georgia.     The  seed  had  been 
collected  in  the  Union  of  South  Africa  and  while  the  original  seed  source  in 
the  United  States  is  unknown,   it  is  quite  likely  that  it  came  from  southern 
Georgia.     The  seedlings  were  held  in  a  transplant  bed  until  November  1954, 
when  a  full  plot  was  outplanted  in  the  wet  arboretum.   In  April  1962,    20  trees 
survived,    having  an  average  height  of  24  feet  and  a  range  of  from  18  to  28 
feet  (fig.  19).    The  average  diameter  at  breast  height  was  6.4  inches,  with  a 
range  of  from  3.7  to  8.4  inches.    Many  of  the  trees  have  been  damaged  by  tip 
moth,    and  on  some  trees  cankers  of  Cronartium  fusiforme  (A.  &  K. )  Hedge, 
and  Hunt  have  developed.     Female  strobili  were  produced  on  three  trees  in 
the  spring  of  1958;  in  1962,     12  trees  produced  female  strobili  and  3  produced 
male  strobili. 

Interspecific    Pine    Hybrids 

PINUS  ECHINATA   X  PINUS  ELLIOTTII  VAR.  ELLIOTTn 

Lot  No.  152. --Received  as  cuttings  in  March  1954  from  the  Western 
Institute  of  Forest  Genetics  at  Placerville.     The  cuttings  were  field  grafted 
on  wildling  slash  pine,   and  graft  survival  was  poor.   In  February  1957,  scion 
material  was  collected  from,  those  grafts  still  living  and  regrafted  on  slash 
pine  stock  in  the  nursery.     Sixteen  of  these  grafts  were  outplanted  in  the  wet 
arboretum  in  May  1957.    In  April  1962,    15  trees  survived,  having  an  average 
height  of  9.5  feet,  and  a  range  of  from  7.5  to  11  feet  (fig.  20).    Flowering  was 
first  recorded  in  March  1961,    when  10  trees  produced  female  strobili  and  3 
trees  produced  male  strobili.   These  trees  have  shov/n  a  marked  susceptibility 

to  stem  attacks  by  the  larvae  of  Dioryctria  spp.    However,  it  has  not  been  de- 
termined whether  the  susceptibility  to  attack  is  a  characteristic  of  the  hybrid 

or  whether  the  attraction  is  to  the  grafted  material. 

PINUS  ELLIOTTII  VAR.  ELLIOTTH  X  PINUS  ECHINATA 

Lot  No.  151. --Received  as  seedlings  (2)  in  February  1954.     This  cross 
was  made  in  1951  by  the  Southern  Forest  Experiment  Station  and  carries  their 

seed  lot  number  AL-8.     The  seedlings  were  outplanted  when  received  as  part 
of  a  larger  study  of  pine  hybrids.     The  only  surviving  seedling  was  lifted  and 
moved  to  the  arboretum  in  January  1957.     In  April  1962,  this  tree  was  15.5 
feet  in  height,   with  a  diameter  at  breast  height  of  4.8  inches  (fig.  21).   It  first 
began  to  produce  female  strobili  in  the  spring  of  1961.     It  has  been  repeatedly 
treated  for  stem  attacks  by  larvae  of  Dioryctria  spp. 
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Figure  19.  --P.  taeda  No.  59,    10  years  old  f
rom  seed. 
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Figure  20.  -P.   echinata  X  P.   elliottii  var.   elliottii  No
.  152.    6  years  old 

from  time  of  grafting. 



Figure  21,  --P.   elliottii  var,   elliottii  X  P. 
echinata  No.  151,    10  years  old  from  seed7 
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PINUS  ELLIOTTII  VAR.  ELLIOTTII  X   PINUS  PALUSTRIS 

Lot  No.  140. --Seed  produced  in  a  cross  made  by  the  Lake  City  Research 
Center  in  1954.  Seed  were  sown  in  the  nursery  in  April  1956,  and  25  trees 

outplanted  in  the  wet-site  arboretum  in  January  1957.  In  April  1962,  19  trees 
survived,  having  an  average  height  of  10.9  feet  and  a  range  of  from  6.0  to  16.5 
feet  (fig.  22).  The  average  diameter  at  breast  height  of  17  of  the  trees  was  2.6 
inches,  and  ranged  from  1.1  to  4.4  inches.  These  trees  have  not  been  troubled 
by  insect  or  disease  attack,   and  have  not  yet  produced  flowers. 

PINUS  PALUSTRIS   X  PINUS  ELLIOTTn  VAR.  ELLIOTTII 

Lot  No.  141. --Seed  from  a  cross  made  by  the  Lake  City  Research  Center 
in  1954.     Seed  were  sown  in  the  nursery  in  April  1956,   and  25  seedlings  out- 
planted  in  the  wet  arboretum  in  January  1957.     In  April  1962,    15  trees  sur- 

vived,   having  an  average  height  of  6.1  feet,   with  a  range  of  from  0.2  to  12.5 
feet  (fig.  23). 

Lot  No.  142. --Seed  from  a  cross  made  by  the  Lake  City  Research  Center 
in  1954.     These  seed  were  sown  in  the  nursery  in  April  1956,   and  in  January 

1957,    25  trees  were  outplanted  in  the  wet-site  arboretum.     In  April  1962,     18 
trees  survived,  having  an  average  height  of  5.2  feet  and  a  range  of  from  0.3  to 
11.4  feet. 
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Figure  22.  --P.    eiliottii  var.   elliottii   X   P.   palustris  No.  140,     7  years  old  from  seed. 

Figure  23.  --P.   palustris   X  P.    elliottii  var.   elliottii  No.  141,     8  years  old  from  seed. 
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PINUS   X  SONDEREGGERI   H.  H.  CHAPM. 

This  well-known  hybrid  is  the  result  of  natural  crossing  between  P.   pal- 
ustris  and  P.  taeda.    Open  pollinated  progeny  of  three  of  these  natural  hybrids 
have  been  sown  in  the  Olustee  Arboretum. 

Lot  No.  77. --Received  as  seedlings  (50)  in  January  1954  from  the  Forest 
Genetics  Laboratory,    of  the  Texas  Forest  Service.     The  seed  were  collected 
from  one  of  the  outstanding  Sonderegger  pines  under  test  in  Texas.   The  parent 

tree  was   located  in  Tyler  County,   Texas,  (lat.  31°  N. ,    long.  94°  W. ).     The 
Texas  Forest  Service  designation  is  S4  hybrid  9.     The  seedlings  were  held  in 
the  transplant  bed  until  November  1954,  when  a  full  plot  was  outplanted  in  the 
wet  arboretum.      In  April  1962,    22  trees  survived,   having  an  average  height 

of  21.0  feet  and  a  range  of  from  9.4  to  28,1  feet  (fig.  24).    The  average  diam- 
eter at  breast  height  of  21  of  the  trees  was  5.0  inches  and  ranged  from  1.3  to 

8.6  inches.     The  trees  in  this  group  have  been  characterized  by  very  poor 
form,   most  of  which  cannot  be  attributed  to  occasional  attacks  by  tip  moth 
(fig.  25).      At  least  five   of  the  trees  have  sustained  attack  by  the  larvae  of 
Dioryctria  spp.     Flowering  was  first  recorded  in  the  spring  of  1961,  when 
seven  of  the  trees  produced  either  male  or  female  strobili. 

Lot  No.  107. --Received  as  seed  in  March  1954  from  the  Southern  Forest 
Experiment  Station.     The  seed  were  collected  from  an  unusual  tree,   probably 
Pinus   X  sondereggeri,  called  to  the  attention  of  G.  F.  Erambert  of  the  W.  W. 
Ashe  Nursery.    The  parent  tree  is  located  in  Perry  County,  Mississippi,  (lat. 

31°11'  N. ,   long.  89°00'  W.  ).    The  seed  were  sown  in  the  nursery  in  1954,  and 
25  seedlings  outplanted  in  the  wet  arboretum  in  January  1955.    In  April  1962, 
16  trees  survived,   having  an  average  height  of  12.7  feet  and  a  range  of  from 
1.5  to  19.9  feet.      This   group  of  trees   is   characterized  by  its  wide  range  of 
variability,   both  in  form  and  in  susceptibility  to  tip  moth. 

Lot  No.  111. --Seed  collected  in  October  1953  by  members  of  the  staff  of 
the  Lake  City  Research  Center  from  a  single  suspected  natural  hybrid  grow- 

ing in  Laurens  County,    Georgia,  (lat.  32°30'  N. ,   long.  82°54'  W. ).     The  seed 
were  sown  in  the  nursery  in  March  1954,    and  a  full  block  of  seedlings  out- 
planted  in  the  wet  arboretum  in  January  1955.    In  April  1962,    21  trees  sur- 

vived,  having  an  average  height  of  13.2  feet  and  a  range  of  from  3.8  to  20.8 
feet.   Several  of  the  trees  are  very  poorly  formed  and  the  plot  as  a  whole  has 
exhibited  some  slight  susceptibility  to  tip  moth,   brown  spot  needle  blight  and 
stem  attack  by  larvae  of  Dioryctria  spp.      Flowering  was  first  recorded  in 
March  1961,   when  11  trees  produced  either  male  or  female  strobili. 
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Figure  24.  --P.   X   sondereggeri  No.  77,    10  years  old  from  seed. 

Figure  25.  --Several  poorly  formed  Sonderegger  pines  in  Lot  No.  77. 
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yHljcellaneouJ    Specie  J 

at    the    OluAtee    cArooretum 

From  time  to  time  seed  has  been  received  of  species  other  than  naval 
stores  pines.      In  almost  all  cases  this  seed  has  been  sown  and  an  attempt 
made  to  raise  the  species  if  possible,    despite  the  fact  that  the  seed  source 
of  these  acquisitions  has  usually  been  poorly  documented. 

During  the  years  1957  and  1958,    some  effort  was  made  to  secure  seed 
and  seedlings  of  species  other  than  pine  that  might  be  suitable  for  the  north 
Florida  area.    Most  emphasis  at  this  time  was  given  to  species  of  eucalyptus 
and  podocarpus,  outplantings  of  these  species  being  made,  whenever  possible, 

in  both  the  wet-site  and  dry-site  arboretums.     The  same  plot  size  was  used 
as  for  the  pine  species  except  that  spacing  was  decreased  to  6  by  6  feet,   re- 

sulting in  plots  containing  81  trees.   All  of  these  trials  can  best  be  described 
as  unqualified  failures.   In  almost  all  cases  the  eucalypts  succumbed  to  frost 
at  an  early  age,  while  the  seed  of  almost  all  the  podocarps  proved  extremely 
difficult  to  germinate.      The  following  section  describes  the  miscellaneous 
acquisitions  still  active  in  the  Olustee  Arboretum  as  of  April  1962. 

Table  3  contains  whatever  information  is  available  on  the  miscellaneous 

acquisitions  considered  failures  and  no  longer  active. 

ARAUCARIA  ANGUSTIFOLIA  BERTOL.  -  -PARANA  PINE 

This  is  a  fair -sized  timber  tree  80  to  100  feet  tall.     It  grows  in  scat- 
tered stands  in  the  mountains  of  southern  Brazil  and  northern  Argentina.   One 

of  the  major  difficulties  in  working  with  this   species  is  the  short  length  of 

time  the  seed  remain  viable.     Unless  the  seed  is  sown  fairly  soon  after  col- 
lection,   or  given  special  handling  in  storage,    germination  is  apt  to  be  poor 

and  spread  out  over  a  longer  period  of  time  than  is  desirable. 

Lot  No.  211. --Received  as  seed  (120)  in  June  1958  from  the  Forest 
Service  of  Sao  Paulo,   Brazil.      Upon  arrival,  the  seed  were  sown  in  pots, 
and  in  seed  flats,    and  placed  in  a  lathhouse.     A  total  of  41  seedlings  were 
obtained,  and  in  October  1958  these  had  an  average  height  of  0.62  foot.     In 

March  1959,    25  seedlings  were  outplanted  in  the  wet-site  arboretum  and 
16  on  the  dry  site.     In  the  wet-site  arboretum,    8  trees  died  the  first  year 
after  outplanting,    10  the  second  year,    and  in  April  1962,  the  3  trees  re- 

maining averaged  2.3  feet  in  height  (fig.  26).    Of  the  16  trees  planted  in  the 

dry-site  arboretum,  9  died  during  the  first  year,  and  in  April  1961,   only  1 
tree  survived.     This  lone  survivor  was  1.5  feet  tall  and  died  during  an  at- 

tempt to  move  it  to  the  wet-site  plot. 
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Figure  26.  --Araucaria  angustifolia  No.  211, 
6  years  old  from  seed. 

EUCALYPTUS  PAUCIFLORA  SIEBER.  --SNOW  GUM 

This  species   occurs  in  the  mountain  and  sub-Alpine  area  of  Victoria, 
New  South  Wales,  and  Queensland,  Australia.    In  its  native  habitat  snow  and 

frost  are  not  uncommon,    and  it  is  considered  one  of  the  more  frost-hardy 
species   of  eucalyptus.      It  is  used  principally  for  fuel  wood,    fencing,   and 
watershed  protection. 

Lot   No.  209. --Received  as  seed  in  May  1958  from  the   Forestry  and 
Timber  Bureau,  Canberra,   Australia.   The  seed  were  collected  in  New  South 

Wales  in  1957,  and  bore  Australian  seed  lot  No.  S4111.   The  seed  were  strat- 

ified in  moist  peat  moss  at  a  temperature  of  approximately  4°  C.    until  Sep- 
tember 1958,  when  they  were  sown  in  flats  in  the  greenhouse.   Seedlings  were 

transplanted  from  the  flats  to  pots,  and  in  March  1959,    37  trees  were  planted 

in  both  the  wet-  and  dry-site  arboretums.   The  seedlings  in  the  wet-site  arbo- 
retum were  apparently  doing  all  right  until  June  1959,  when  damage  was  noted 

shortly  after  the  arboretum  had  been  sprayed  with  a  2 -percent  solution  of  DDT. 
Mortality  was  so  heavy  that  the  plot  was  abandoned.      In  April  1962,     11  trees 
still   remained  in  the   dry-site   arboretum.      These  trees   averaged   3  feet  in 
height,  with  a  range  of  from  0.4  to  5.5  feet  (fig.  27).   They  have  been  repeatedly 
damaged  by  frost,  which  usually  causes  the  outer  bark  to  split  (fig.  28).    Most 
of  the  stems  surviving  have  very  poor  form  and  are  of  sprout  origin. 

« 
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re  27.  --Eucalyptus  pauciflora  No.  209, 
5  years  old  from  seed. 

Figure  28.  --Snow  gum  stem  which  has  been 
damaged  by  cold.  The  old  xylem  is  com- 

pletely separated  from  the  growing  tissues 
but  is  acting  as  a  support  for  the  upper 
stem.  New  sprouts  have  begun  to  grow  at 
the  root  collar. 

NYSSA  SYLVATICA  VAR.  BIFLORA  (WALT.  )  SARG.- -SWAMP  TUPELO 

This  little -recognized  variety  of  N.  sylvatica  occurs  along  the  Coastal 
Plain  from  Delaware  through  Florida  and  east  to  Texas. 

Lot  No.  251. --Received  as  seed  in  October  1958  from  a  single  tree  col- 
lection made  in  Columbia  County,  Florida.  The  seed  were  cleaned  and  strat- 

ified in  moist  sand  at  a  temperature  of  approximately  4°  C.  and  sown  in  the 
nursery  in  April  1959.  In  January  1960,  25  seedlings  were  outplanted  in  each 
of  the  arboretum  sites.  At  the  time  of  outplanting,  seedlings  averaged  2  feet 

in  height.  Survival  in  the  wet-site  arboretum  has  been  excellent,  24  trees  re- 
maining in  April  1962.  Growth,  however,  has  been  slow,  the  average  height 

being  2.3  feet,   with  a  range  of  0.5  to  3.2  feet. 

On  the  dry  site,   mortality  was  heavy  during  the  dry  summer  of  1961. 
In  April  1962,    11  trees  survived,    having  an  average  height  of  1.4  feet  and  a 
range  of  from  0.5  to  2.9  feet.      Of  the  trees  in  this  plot,    seven  were  shorter 
than  at  the  time  of  outplanting.     This  reduction  in  height  is  probably  due  to 
a  lack  of  adaptability  to  dry  conditions. 

41 



42 

TAXODIUM  DISTICHUM  (L.  )  RICH. --BALDCYPRESS 

This  excellent,   but  increasingly  rare  timber  tree  ranges  along  the 
Coastal  Plain  from  Delaware  through  Florida  to  Texas  and  north  in  the 
Mississippi  valley  to  Indiana. 

Lot  No.  245. --Received  as   seed  collected  from  a  single  tree  in 
November  1958  by  the  Lake  City  Research  Center  staff.     The  collection 
was  made  along  the  bank  of  Swift  Creek  in  Hamilton  County,   Florida, 

(lat.  30°23'  N. ,   long.  82°48'  W.  ).     Seed  were  sown  in  the  nursery  in  April 
1959,  and  25  trees  outplanted  on  both  arboretum  sites  January  1960.   Sur- 

vival on  the  wet  site  has  been  excellent,   24  trees  remaining  in  April  1962. 
Growth,  however,  has  been  slow.   The  trees  averaged  2.2  feet  in  height,  with 
a  range  of  from  1.6  to  2.9  feet.    As  might  be  expected,  mortality  on  the  dry 

site  has  been  heavy,  the  nine  trees  remaining  in  April  1962  having  an  aver- 
age height  of   1.4  feet   and  a  range  of  from  0.1  to  2.5  feet.      Negative  height 

increment  on  the  dry  site  is  very  likely  due  to  adverse    conditions  for  this 

species. 

TAXODIUM  DISTICHUM  VAR.  NUTANS  (AIT.  )  SWEET --PONDCYPRESS 

This  less  well-known  variety  of  T.  distichum  ranges  along  the  Coastal 
Plain  from  Virginia  through  Florida  to  Louisiana.      It  is  a  comparatively 
small  tree  and,  as  its  name  implies,   occurs  principally  in  the  small  stagnant 
ponds  of  the  flatwoods  seldom  being  found  along  the  banks  of  moving  waters. 

Lot  No.  228. --Seed  were  collected  in  September  1957   from  several 
trees  in  Hamilton  County,   Florida.      The  seed  were  sown  in  the  nursery  in 
March  1958,    and  in  October  the    seedlings  averaged    1.9  feet  in  height.     In 

January  1959,  full  plots  were  outplanted  in  both  the  wet-  and  dry-site  arbo- 
retum.    No  mortality  has   occurred   in  the  wet-site  plot,    and  in  April  1962, 

trees  averaged  2.8  feet  in  height,  with  a  range  of  from  1.6  to  3.5  feet.    Mor- 
tality in  the   dry-site  plot  has   been  low.      Twenty-four  trees   remained  in 

April  1962,   having  an  average  height  of  2.7  feet  and  a  range  of  from  1.7  to 
3.5  feet. 



43 

3)i i3cu33ion 

The  poor  performance  of  exotic  pines  in  the  Olustee  Arboretiim  is  not 
without  precedent  (Zobel  et  al.    1956).     The  patterns  of  survival  and  growth 
observed,    and  the  conclusions  which  can  be  drawn  from  them,    agree  very 
closely  with  those  of  Namkoong  and  Jewell;  m    that  is,   the  European  pines 

and  the  pines  of  the  Southwestern  United  States  appear  to  be  least  well-adapted 
to  the   Southeastern  environment.      The  Asiatic  species  of  pine,   although  of 
slow  growth  and  of  comparatively  poor  form,   seem  to  have  a  higher  potential 
for  survival  in  a  strange  environment.   The  poor  showing  of  the  Mexican  spe- 

cies has  been  disappointing,   but  is  apparently  similar  to  performance  in  east 
Texas  reported  by  Zobel  and  his  associates. 

The  concept  that  plants  grow  in  harmony  with  their  environment  has 
been  advanced  by  ecologists   for   many  years.      In  forestry  the  general  site 

requireinents  of  important  species  are  well  known,  and  guide  species  selec- 
tion for  planting  in  various  geographic  areas.     Within  broad  areas,    species 

selection  is  also  based  on  site  conditions  and  in  some  forest  areas  relative 

site  indexes  have   been  developed  for  several  important  species  that   can  be 
grown  on  the  same  soils. 

In  some  tree  introduction  work  there  has  been  notable  lack  of  concern 

with  ecological  requirements   of  the   species.      Failure  to  recognize  the  site 

requirements  of  different  species  is  probably  the  largest  single  cause  of  fail- 
ure in  tree  introduction  work. 

Accurate  information  for  species  growing  in  remote  locations  is  diffi- 
cult to  obtain.  The  lack  of  reliable  data  applies  to  factors  important  in  sur- 

vival, such  as  tolerance  to  heat,  cold,  and  flooding.  We  also  need  more 
information  on  factors  important  for  optimum  growth,  such  as  soil  moisture 
relations,  soil  fertility  requirements,  length  of  growing  season,  and  average 
temperature. 

In  addition  to  edaphic  and  climatic  factors  of  the  native  habitat  of  a  tree 
species,    several  others  affect  performance  of  a  species  as  an  exotic.     For 

example,    susceptibility  to  soil-  or  air-borne  pathogens  as  well  as  to  insects 
may  cause   death,    slow  growth,    or  low -quality  wood  products.     High  winds, 
abrupt  temperature   changes,    freezing  rain,    or  snow   may  seriously  affect 
growth  and  general  tree  quality.     The  reaction  of  a  foreign  species  to  local 
conditions  can  be  determined  only  by  test  plantings. 

To  some  extent,    experiences  with  exotics  in  the  South  parallel  those 

reported  for  the  Pacific  Northwest  (Silen  1962).    Trying  to  answer  the  ques- 
tion why  most  exotics  perform  poorly  in  the  United  States,  Silen  hypothesizes 

^Namkoong,   G. ,   and  Jewell,   F.   F.      Non -native  pines  in  south  Mississippi.     Publication  pending. 
Southern  Forest  Expt.   Sta. ,   U.  S.  Forest  Serv. ,   New  Orleans,  La. 
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that  in  an  excellent  climate,   natural  selection  over  the  years  has  favored  the 

fast  growth  rates  of  the  native  species  of  the  Pacific  Northwest.     The  favor- 
able  climate  of  the   Southern   United  States  also  creates  conditions  in  which 

natural  selection  might  favor  rapid  growth.      Considering  the  areas  from 
which  many  of  our  exotic  pines  have  come,  an  alternate  explanation  suggests 
itself.     With  the  exception  of  Mexico,  the  major  sources  of  exotic  pines  are 
areas  having  a  history  of  long  civilization.     It  seems  probable  that  over  the 
ages,  and  until  a  fairly  recent  time,  most  of  the  forestry,  or  lack  of  forestry, 
in  both  Europe  and  Asia  has  resulted  in  a  progressive,  disgenic  deterioration 
of  the  pine  species  native  to  those  areas.     Particularly  in  Asia  does  it  seem 
probable  that  cutting  practices  have  resulted  in  the  evolution  of  genotypes  of 

pines  having  a  high  potential  for  survival  but  with  growth  rate  and  form  con- 
siderably poorer  than  they  were  before  the  advent  of  man.   On  the  other  hand, 

in  Mexico  there  are  still  large  areas  of  virgin  timber;  then  why  do  the  pines 

of  Mexico  perform  so  poorly  in  the  Southern  United  States?    It  is  not  explain- 
able on  the  basis  of  past  cutting  practices.      Some  Mexican  species,   notably 

P.  patula,   have  been  highly  successful  as  exotics  in  other  parts  of  the  world. 
Any  hypotheses  regarding  the   performance  of  the   Mexican  pines  must  be 

highly  speculative;   however,    it  is  possible  that  evolution  in  Mexico  has  re- 
sulted in  the  development  of  a  number  of  species,  each  of  which  is  adapted  to 

a  fairly  narrow  range  of  environmental  conditions.      Whether  these  are  pri- 
marily adaptations  to   soil,    rainfall  patterns,    or  photoperiods  will  not  be 

known  until  the  results  of  future  research  become  available. 

Past  experiences  both  at  Olustee  and  in  other  parts  of  the  South  indicate 
that  the  introduction  of  exotics  in  competition  with  the  major  southern  pines 
is  not  likely  to  produce  important  results.   None  of  the  exotics  thus  far  tested 
is  faster  growing  or  better  formed  than  the  southern  pines.    Most  of  them  are 
at  least  as  susceptible  or  more   susceptible  to  insects   and   disease,    and  the 
question   remains,    which  characteristics   of  the   exotics   might  be   desirable 
when  hybridized  with  one  of  the  southern  pines.    No  data  are  yet  available  on 

the  gum -yielding  performance  of  exotics   when  grown  in  the  South.      On  the 
basis  of  growth  rate,    it  does  not  seem  likely  that  an  exotic   species  will  be 

capable  of  out -producing  our  highest -gum-yielding  species,  or  the  high-gum- 
yielding  strains  already  being  developed  by  intraspecific  hybridization. 

The  variation  between  species  in  chemical  composition  of  oleoresin 
(Mirov  1961)   constitutes   one  characteristic  of  exotic  pines  that  might  have 
value  in  a  breeding  program.      Research  indicates  that  yield  and   chemical 

composition  of  oleoresin  may  be  factors  affecting  the  attractiveness  and  re- 
sistance of  trees  to  insect  attack  (Smith  1961;  Vite  and  Gara  1962).   The  pos- 

sibility exists  that  at  some  time  in  the  future  a  change  may  become  desirable 

in  the  over-all  composition  of  oleoresin,    or  that  some  one  particular  com- 
ponent of  oleoresin  may  become  of  major  importance.   Whether  exotics  would 

attain  greater  importance  as   breeding  material  in  these  circumstances  is 
purely  a  matter  of  speculation,  since  the  breeding  scheme  used  would  depend 
on  what  changes  were  desired. 
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Several  of  the  exotic  pines  are  characterized  by  precocious  flowering. 
This  characteristic  is  a  survival  mechanism  and  appears  to  be  most  common 
among  less  desirable  species,  such  as  P.  dens  if  lor  a,  P.  thunbergii,  P.  clausa, 
and  P.   banksiana.      If  early  flowering  is  a  sufficiently  desirable  trait,    it  is 
quite  likely  that  it  could  most  advantageously  be  incorporated  by  single-tree 
selection  and  intraspecies  hybridization  into  the  new  strains  of  pines  being 
developed  in  the  South. 

As  originally  conceived,  the  Olustee  Arboretum  was  to  be  an  introduc- 
tion and  breeding  garden  of  exotic  pines  used  by  the  naval  stores  industry. 

Our  experience  has   shown  that  most  introduced  species  must  have  special 
care  if  they  are  to  survive  and  become  available  for  breeding.   At  the  Olustee 
Arboretum  most  of  the  introductions  have  died.   In  an  introduction  arboretum 

the  principal  interest  is  to  test  the  adaptability  of  non -indigenous  species  to 
a  strange  environment.    Under  these  circumstances  special  care  need  not  be 
carried  beyond  the  nursery  and  outplanting  stages.     On  the  other  hand,   in 
order  to  maintain  a  breeding  arboretum  containing  a  reasonable  number  of 
species  and  individuals,   we  must  make  plans  to  provide  adequate  protection 
from  insects  and  disease.    In  some  cases  additional  cultural  practices  such 
as  mulching   and  fertilizing  may  be  required  and  some  species  may  have 
special  site  requirements. 

The  species  present  in  the  Olustee  Arboretum  provide  a  source  of  plant 
material  for  future  experimentation.  New  acquisitions  will  be  made  as  seed 
becomes  available.  Plans  call  for  the  protection  and  maintenance  of  those 
species  still  active  in  the  arboretum,  for  records  on  the  phenology  of  flower- 

ing, observations  on  the  incidence  of  insects  and  diseases,  records  of  growth 
data,   and  tests  of  oleore sin -yielding  ability. 

Tests  at  the   Olustee  Arboretum  confirm  findings  at  other  southern 
arboreta,   and  indicate  that  southern  forestry  problems  are  not  likely  to  be 
solved  by  a  foreign  miracle  tree. 
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Mortarboard    Psych rometer 

^3'     Dee   F.    Taylor 

Research  has  demonstrated  that  a  high  correlation  exists  between  the 

moisture  content  of  fine  fuels  and  the  moisture  content  of  the  ambient  air. 

The  mortarboard  psychrometer  was  developed  by  the  Southern  Forest  Fire 

Laboratory  to  provide  a  simple,  accurate,  yet  inexpensive  means  of  obtaining 

wet-  and  dry-bulb  temperature  readings  to  be  used  in  estimating  fine  fuel 

moisture.  It  is  one  of  the  results  of  a  series  of  studies  conducted  in  conjunc- 

tion with  the  development  of  the  National  Fire  Danger  Rating  System. 

A  number  of  commercially  available  psychrometers  were  tested.     All 

instruments  produced  accurate  readings  when  carefully  operated,  but  each  had 

shortcomings  for  our  planned  use.  They  were  either  too  expensive,  too  frag- 

ile, too  hard  to  operate,    or  required  ventilated  shelters.     These  undesirable 

features  led  to  the  development  and  testing  of  the  mortarboard  psychrometer. 

INSTRUMENT  DESCRIPTION 

The  mortarboard  (see  page  5)  consists  of  a  radiation  shield,   a  dry -bulb 

thermometer,   a  naturally  ventilated  wet -bulb  thermometer,   and  supporting 
members. 

Radiation  Shield 

The  radiation  shield  consists  of  three  pieces  of  polished  aluminum. 

Two  pieces  are  mounted  above  the  thermometers  to  protect  them  from  direct 

sun  radiation.     The  third  piece  is  moiinted  below  the  thermometers  to  reduce 

the  effects  of  reradiation  from  the  ground.    The  surface  of  each  of  the  alumi- 

num pieces  facing  the  thermometers  is  painted  flat  black  to  reduce  reflections. 

The  radiation  shields  are  supported  in  a  horizontal  position  and  are  free 

of  vertical  extensions  that  might  interfere  with  normal  air  circulation  around 

the  thermometers. 



Thermometers 

Two  laboratory-grade,  yellow -backed  therm.ometers  are  movinted  hori- 

zontally between  the  upper  and  lower  radiation  shields.     The  thermometers 

are  furnished  in  pairs  and  are  not  interchangeable.    The  lower,  the  wet -bulb 

thermometer,    is  identified  by  a  black  ring  3  inches  from  the  bulb  end.     In 

operation,  this  bulb  plus  an  inch  of  thermometer  stem  is  covered  by  cotton 

wicking.     The  upper,  the  dry-bulb  thermometer,   has  no  special  marking  but 

is  graduated  over  a  greater  stem  length  than  the  wet-bulb  thermometer. 

Water  Supply 

Water  must  be  supplied  continuously  to  the  lower  thermometer.    A  water 

reservoir,   a  capped  plastic  cup,    is  held  by  the  lower  radiation  shield  directly 

below  the  wet -bulb  thermometer.     A  plastic  tube  extends  from  near  the  bottom 

of  the  cup,  through  the  cap,  to  1  inch  below  the  lower  thermometer  bulb.    Water 

is  carried  from  the  cup  to  the  wet  bulb  by  a  special  wicking  threaded  through  the 

plastic  tube.    The  wicking  extends  from  the  cup,  through  the  tube,  over  the  ther- 

mometer bulb  and  up  the  thermometer  stem  for  1  inch.     The  lower  inch  of  the 

stem  is  covered  by  the  wick  to  minimize  errors  due  to  heat  transfer  along 

the  stem. 

Mortarboard  Support 

The  support  consists  of  1-inch  electrical  metallic  tubing  (EMT),   spacers, 

couplings,   and  thermometer  clips.     Refer  to  drawings  for  exact  parts  placem.ent. 

The  support  can  be  adjusted  so  that  the  thermometers  are  at  the  observer's  eye 
level;  it  holds  the  radiation  shields  and  the  water  reservoir  in  proper  position, 

and  permits  the  correct  orientation  of  the  complete  device. 

LOCATION,    MOUNTING,    AND  ORIENTATION 

Location 

Mortarboards  may  be  placed  in  the  same  locations  that  existing  open- 

type  fire  danger  stations  occupy.      They  should  be  at  least  6  feet  from  other 

instruments  or  shelters  that  are  at  or  near  the  same  height  as  a  mortarboard. 

New  stations  should  not  be  near  bodies  of  water,   swamps,   extensive  paved  or 

dusty  areas,    irrigated  lawns  and  gardens,  nor  less  than  30  feet  from  any  large 



reflecting  surface  such  as  white -painted  buildings.     The  main  requirement  is 

that  the  mortarboard  be  placed  where  there  is  free  circulation  of  air    from  any 

direction    past  the  thermometers.     Be  sure  the  instrument  is  plumb. 

Mounting 

A  recommended  method  for  mounting  the  mortarboard  is  to  set  a  5 -foot 

section  of  l^-inch  electrical  metallic  tubing  (EM T)  firmly  2  feet  into  the  ground. 

The  1-inch  electrical  metallic  tubing  (EMT)  can  be  slipped  into  the  larger  con- 

duit and  held  at  the  desired  height  with  a  1 -inch  compression  coupling  from 

which  the  lower  nut  has  been  removed.    The  positioning  ridge  or  nub  in  the  cou- 

pling must  be  filed  down  so  that  the  coupling  will  slide  freely  on  the  1-inch  EMT. 

This  permits  easy  adjustment  of  thermometers  to  the  eye  level  of  the  observer. 

If  not  at  this  height,   the  corners  of  the  upper  shield  will  be  a  safety  hazard. 

An  optional  method  is  to  slide  the  support  conduit  over  a  1-inch  O.  D. 

ground  rod  of  bar  stock  permanently  set  in  concrete.  A  notch  and  stud  system 

for  the  ground-rod  method  (see  page  6)  will  maintain  the  height  and  orientation 

of  the  installation. 

Both  methods  will  allow  ready  removal  of  the  mortarboard  for  storage 

in  off-season. 

Orientation 

The  elongated  portion  of  the  upper  shield  must  point  south.     This  insures 

complete  sun  shading  of  both  thermometers  during  midday  for  all  mid -latitude 

locations.     When  the  sun  is  low  on  the  horizon,    in  early  morning  or  late  after- 

noon,  direct  sunlight  may  fall  on  one  or  both  of  the  thermometers.     Damage  to 

the  thermometers  will  not  result  but  modified  reading  procedures,   as  explained 

in  the  section  on  Operation,   are  required. 

OPERATION 

A  carefully  fabricated  mortarboard  is  nearly  foolproof,  but  must  still  be 

located  and  read  correctly.    Since  the  thermometers  are  fixed  rigidly,  the  ob- 

server must  bring  his  eye  directly  in  line  with  the  top  edge  of  the  mercury 

column  to  avoid  parallax  and  a  false  reading.     The  thermometers  must  reach 



stability  with  the  atmosphere  before  readings  are  made.     The  wick  on  the  wet 

bulb  must  be  saturated  with  water  and  the  wet-bulb  temperature  must  be  the 

minimum  producible  by  evaporating  water  from  it. 

Standard  Readings 

The  temperature  of  the  water  evaporating  from  the  wick  will  reach  sta- 

bility with  the  atmosphere  if  the  wick  remains  saturated  and  there  is  sufficient 

airflow  to  keep  the  wick  well  ventilated.     The  operator  must,  during  periods  of 

near  calm,  fan  or  artificially  ventilate  the  wet  bulb  to  assure  a  correct  read- 

ing.    Fanning  time  will  vary,    but  it  probably  should  require  only  two  or  three 

minutes.    The  thermometer  should  be  watched  dviring  fanning  to  find  the  lowest 

point.     Only  when  a  minimum  wet -bulb  temperature  has  been  obtained  should 

the  companion  dry-bulb  temperature  be  read  and  readings  recorded. 

Early  Morning  or  Late  Afternoon  Readings 

Temperature  measurements  will  be  inaccurate  if  direct  sionlight  is  fall- 

ing on  the  thermometers.      If  a  reading  is  required  during  the  period  in  early 

morning  or  late  afternoon  when  siinlight  is  falling  on  one  or  both  of  the  ther- 

mometers,  a  modified  procedure  must  be  followed.      Shade  must  be  provided 

for  the  thermometers  with  a  minimum  of  disruption  of  the  normal  flow  of  air 

over  the  thermometers.     A  small  curtain,   such  as  a  handkerchief  or  folded 

cardboard,  hung  from  the  upper  shield  to  cast  a  shadow  over  both  thermom- 

eters is  effective.     After  the  thermometers  have  been  thus  shaded,  they  must 

be  allowed  to  stabilize  for  at  least  four  minutes  to  regain  equilibrium.     The 

rest  of  the  station  readings  can  be  taken  during  this  time.     After  the  thermom- 

eters have  stabilized,   continue  the  normal  reading  procedure. 

Some  observers  may  prefer  to  pivot  the  mortarboard  in  the  ground  tubing 

so  that  the  thermometer  bulbs  are  shaded  from  the  sun  by  the  spacer  to  which 

the  thermometers  are  attached.  As  before,  several  minutes  should  elapse  be- 

fore temperature  measurements  are  taken.  Of  course,  the  mortarboard  should 

be  returned  to  its  proper  north-south  position  as  soon  as  the  figures  are  re- 

corded. A  mark  etched  lengthwise  on  the  upper  and  ground  support  tubing  will 

make  it  easy  to  tell  when  the  mortarboard  is  again  correctly  oriented. 



2 

ct 

UJ 

-J 

O 

(t 

UJ 

h- 

O 

tt 

UJ 
3: 

Jk=-H 



RECOMMENDED 

GROUND  SUPPORT 

ALTERNATE 

GROUND  SUPPORT 

r 
G2 
E.M.T. 

COUPLING 

(BOTTOM  NUT 

REMOVED  TO 

ALLOW  THREADED 

END  TO  FIT 

INSIDE   I  '4" TUBING 

BOTTOM  END 

OF  l"  TUBING 
FLARED  OR 

BOUND  WITH 

TAPE  TO  FIT 

TIGHTLY  INSIDE 

1  '74"  TUBING 

L U^ 

I  "E.M.T.  5' LONG 

POSITIONING 

RIDGE  INSIDE 

COUPLING  FILED 

OUT  TO  ALLOW 

COUPLING  TO  SLIDE 

ON  TUBING 

f^l 

m m 

Li I  '4"  E.M.T 5'  LONG 

2'  IN  GROUND 
3' STANDING 

TUBING 

NOTCHED 

AT  BOTTOM 

TO  TAKE 

"STUD 

% 8 

A'- 

'•A' 

-1"  E.M.T.  5'  LONG 

'®>^ 

Ve"  STUD 
WELDED  OR 

THREADED  IN 

GROUND  STAKE 
18"  FROM 

EITHER  END 

L2 -GROUND  ROD  IS 
1"  DIA.  STEEL 
3'  LONG 

22"  STANDING 

;  14"  IN  GROUND 
:  (IN  CONCRETE) 



INSTRUCl  IONS  FOR  ASSEMBLING  MORTARBOARD  PSYCHROMETER 

(Letters  refer  to  parts  as  shown  on  drawings  and  in  Bill  of  Materials. ) 

<^-«   PART  H   LOCKNUT 

F  a  J  ASSEMBLY 

Assemble  formed  thermometer  clips  (J)  on  spacer  (F)  with  the  sheet  metal 
screws  (K)  as  shown  on  page  5. 

Place  support  conduit  (A)  in  vise  and  place  component  parts  G,  D,  F,  C,  E, 
and  H  on  conduit  in  this  order,  as  shown  in  diagram  above.  Part  H  is  com- 

pression type  connector  and  is  tightened  securely  at  this  point. 

Now  place  part  B  over  threaded  end  of  part  H  and  place  locking  nut  on  threads 
but  just  enough  to   start  nut.     THIS  IS  VERY  IMPORTANT  BECAUSE   THE 
EXTRA  THREAD  SPACE  ALLOWS  FOR  SQUEEZING  ALL  PARTS  TOGETHER. 

Push  part  G  coupling  hard  against  all  parts  and  tighten  by  hand.     Parts  F  and 
E  will  probably  be   off  center  at  this  point   so  use  hammer  handle   and  tap 
to  approximate  alignment. 

Tighten  part  G  permanently. 

Tighten  nut  on  part  H.  This  is  best  accomplished  by  partially  tightening  nut 
with  hammer  and  punch;  then  by  turning  part  B,  the  nut  and  plate  will  both 
turn  until  nut  of  part  H  is  tight. 

Install  the  supporting  member  rigidly  in  the  ground  as  shown  on  page  6. 

Slip  the  coupling  (part  G2)  up  on  the  support  conduit  (part  A);  then  lower  the 
mortarboard  assembly  into  the  ground  support  member,    adjusting  the  height 
of  the  thermometer  to  eye  level  by  tightening  part  G2. 

Orient  instrument  with  overhang  to  south,   thermometer  clips  facing  west. 

Assemble  thermometers  (Tl  and  T2),   wick  (M),   and  reservoir  (Nl),   accord- 
ing to  plan  on  page  5.    The  wet  bulb  (lower)  thermometer  (T2)  has  a  black 

stripe  3"  from  the  bulb.     Coil  extra  wick  in  bottom  of  reservoir.    Cut  plastic 
tube  (P)  to  expose  1"  of  wicking  below  the  wet  bulb. 

Fill  reservoir  with  distilled  or  clean  rainwater,   or  mineral -free  water. 



BILL  OF  MATERIALS  FOR  MORTARBOARD  PSYCHROMETER 

(Letters  refer  to  parts  as  shown  on  drawings.     All  parts  are  available  from  local 
supply  sources,  except  as  noted.  ) 

Part Description Part Description 

E 

F 

Support  conduit 
One  1"  electrical  metallic 

tubing  (EMT)  5'  long  (thin- 
wall  conduit) 

Radiation  shields 

One   28|-"  x  17^"    11  or  12  gage 
sheet  aluminum  (.081  "to  .091") 

One  26i"  x  16"    11  or  12  gage 
sheet  aluminum  (.081  "to  .091") 

One    14"  X  8"    20  gage  ( .0375") 
surface  tempered  aluminunn, 

with  cross -break  down  to  pre- 
vent water  beading 

Spacers,   2"   I.  D.   aluminum  pipe 
or  tubing 

One  spacer,    1^"  long 

One  spacer,   5i  "  long 

Psychrometer  wicking 

M  One   28"  long 
Source:  Southern  Forest  Fire 

Laboratory  will  supply  cooper - 
ators  until  further  notice. 

Plastic  water  reservoir 
and  cover 

Nl  One  Tupperware  spice 
shaker  #102 

N2  One  Tupperware  seal  for  6  oz. 

tumbler  #294-3 
Source:!./  Local  Tupperware 
representative  or  Tupperware 

Company,   Orlando,   Florida. 

Tubing  to  protect  wick 
One  polyethylene  plastic  tube 

LD. ,    -^"   O.  D. ,    6"  long 

16 

Gl 
and 

G2 

H 

K 

Connectors  and  couplings 

Two  1"  compression  couplings 
for  1"  EMT  or  thinwall  conduit 
(One  only  required  if  alternate 
method  (page  6)  is  used. ) 

One  l"  compression  connector 
for  1"  EMT  or  thinwall  conduit 

Thermometer  clips 
Two  20  gage  half  hard  brass  or 
24  gage  bright  stainless  steel 

(l"x  7")  formed  to  shape  shown 
in  drawing 

Four  i"  No.  6  sheet  metal 
screws 

Ground  supporting  member 

LI  One  I5"  EMT,    5'  long or 

L2  One  1"  round  steel  rod,    3'  long 
One 4"  x|"  stove  bolt 

Pipe  cap 

R  One   1"  pipe  cap  (or  a  cork) 
for  top  of  support  conduit 

Thermometers 

Tl  One  Dry  Bulb  Curtin  #2 06 SOY, 
-30°  to  120°  F.  total  immersion, 

yellow -backed  laboratory 
thermometer 

T2  One  Wet  Bulb  Curtin  #20658AY, 
-30°  to  120°  F.   partial 

immersion,   yellow -backed 
laboratory  thermometer 
Source:!./  W.  H.  Curtin  Company, 
P.    O.    Box  118,   Houston,   Texas. 

Southern  Forest  Fire  Labora- 
tory will  furnish  matched  pairs 

of  thermometers  at  cost  until 
further  notice. 

Paint 

J  pint  zinc  chromate  primer 
(undercoat  for  flat  black) 

J  pint  flat  black  enamel 

l_/   Commercial  products  and  sources  are  mentioned  solely  for  the  convenience 
of  Forest  Service  and  cooperating  personnel.     This  does  not  constitute  an  endorsement 
of  such  products  by  Forest  Service  or  the  Department  of  Agriculture  to  the  exclusion 
of  other  equally  acceptable  products. 

f 



Readings  During  Freezing  Weather 

In  sustained  freezing  weather  the  wick  and  the  reservoir  both  freeze  and 

the  ice  formed  on  the  wick  evaporates,    leaving  the  wick  completely  dry.     To 

obtain  a  correct  reading,    it  is  necessary  to  re-establish  the  evaporation  from 

around  the  wet  bulb.    Cold  water  is  applied  to  the  wicking  over  the  bulb.      (This 

may  be  done  with  an  eyedropper,    a  fine  brush,    or  a  feather. )    Freezing  will 

take  place,    releasing  heat  which  should  maintain  the  temperature  near  32°  F. 

during  a  short  period.    Avoid  a  thick  coating  of  ice.    If  present,  it  must  be  re- 

moved by  applying  warm  water.     After  complete  freezing,  the  wet -bulb  tem- 

perature will  fall  slowly  to  equilibrium.     Allow  10  to  15  minutes,   because  the 

ice  coat  will  insulate  the  mercury  bulb  and  equilibrium  with  air  will  be  estab- 

lished much  more  slowly  than  between  a  water-covered  bulb  and  air.     Fanning 

is  most  important  in  speeding  up  this  process.     Proceed  with  the  readings  as 

tinder  normal  conditions,    remembering  the  wet-bulb  temperature   cannot  be 

higher  than  the  dry  bulb  and  during  freezing  weather  it  is  seldom  the  same  as 

the  dry  bulb. 

If  a  thin  ice  coating  has  not  formed  when  the  air  temperature  is  below 

freezing,  ice  formation  can  be  speeded  up  by  touching  the  bulb  with  a  bit  of  ice 

or  cold  metal. 

Low  Humidity  Readings 

Under  conditions  of  prolonged  low  humidity  (below  30  percent  for  more 

than  a  few  hours)  the  wick  tends  to  dry  because  the  capillary  action  providing 

water  to  the  bulb  cannot  keep  up  with  the  evaporation  from  the  wick.     Wetting 

the  wick  several  minutes  before  taking  a  reading  will  correct  this,   but  a 

slightly  longer  stabilization  time  may  be  required. 

MAINTENANCE 

The  mortarboard  was  designed  to  be  as  maintenance-free  as  possible, 

but  periodic  inspections  and  cleaning  will  assure  its  trouble-free  operation. 

Water 

The  water  used  in  the  wet -bulb  system  should  be  as  free  of  minerals  as 

possible.  Distilled  water  is  best,  but  clean  rainwater  or  refrigerator  defrost 

water  may  be  used  as  substitutes.     Hard  water  should  not  be  used  because  the 
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minerals  will  change  the  evaporating  temperatures  of  the  water  and  will  deposit 

out  on  the  wick,    interfering  with  the  normal  capillary  flow  of  the  water  to  the 

wet  bulb. 

Wicking 

The  wick  must  fit  snugly  over  the  full  length  of  the  mercury  bulb  and 

extend  a  full  inch  up  the  thermometer  stem  to  insure  against  heat  conduction 

down  the  stem.     Special  wicking  of  known  characteristics  is  furnished  for  this 

purpose.     The  wet -bulb  wick  requires  weekly  inspections  for  dirt  and  signs  of 

mineral  deposits.    If  these  are  present,  change  the  wick.    Excessive  wick  con- 

tamination will  impede  the  flow  of  water  to  the  wet  bulb  and  finally  cut  if  off 

completely.     Under  laboratory  conditions,  two  weeks  was  found  to  be  about  the 

limit  for  proper  operation  even  without  signs  of  excessive  deposits.     A  scum 

material  may  collect  on  the  exposed  wick  which,    though  not  visible,   does  cut 

the  free  flow  of  water. 

The  wick  should  be  changed  at  least  every  two  weeks.     Wicking  is  fur- 

nished in  28-inch  lengths;  the  excess  wick  is  coiled  in  the  bottom  of  the  plastic 

water  reservoir  upon  first  installation.     To  change  the  wick,   cut  off  the  old 

wick  halfway  between  the  tube  and  bulb.    Remove  the  old  wicking  from  the  bulb 

and  discard.     Pull  up  a  length  of  fresh  wicking  and  slip  it  over  the  mercury 

bulb  and  1  inch  up  the  stem.      Be  sure  there  are  no  sags  in  the  wick  between 

the  end  of  the  plastic  tube  and  the  end  of  the  mercury  bulb.     It  is  essential  not 

to  dirty  the  wick  when  it  is  changed.     The  wicking  slips  easily  over  the  bulb 

and  stem  if  pushed  by  the  thumbnails  from  the  very  tip  of  the  mercury  bulb. 

Reservoir 

The  plastic  cup  reservoir  and  plastic  tube  will  stand  repeated  freezes. 

The  cap  should  fit  tightly  on  the  cup  and  the  tubing  shoiold  extend  from  the  near 

bottom  of  the  cup  to  1  inch  below  the  tip  of  the  wet  bulb.     The  cup   and  tube 

should  be  washed  in  clean  water  (no  soap  or  detergent)  whenever  a  fresh  supply 

of  wicking  is  added.  A  new  supply  is  needed  when  that  in  use  no  longer  reaches 

the  bottom  of  the  cup.     Keep  reservoir  at  least  half  full. 
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Thermometers 

The  thermometers  are  furnished  in  matched  pairs  and  are  not  inter- 

changeable.    If  one  is  broken,    or  otherwise  fails,    request  another  set  from 

the  Southern  Forest  Fire  Laboratory,   Box  1421,   Macon,  Georgia.    Return  the 

old  set  in  the  shipping  box. 

The  mercury  column  of  a  thermometer  may  separate  either  in  shipping 

or  occasionally  in  operation.     This  shovild  be  suspected  if  the  two  thermom- 

eters do  not  agree  within  |  degree  when  both  are  read  as  dry  thermometers. 

Check  this  every  time  the  wick  is  changed.    If  the  mercury  cannot  be  reunited 

by  slight  jars  or  shaking,    as  one  would  a  fever  thermometer,    request  a  re- 

placement pair.     Also,   refer  to  manufacturer's  instructions  on  storage  tubes. 

The  markings  on  thermometers  will  become  obscured  in  time.     They 

can  be  renewed  by  smearing  a  small  amount  of  lamp  black  oil  color  on  the 

stem.   Immediately  after  application,  rub  excess  off  with  a  piece  of  hard  finish 

paper.   The  lamp  black  can  be  obtained  in  small  tubes  from  most  paint  or  artist 

supply  houses. 

Paired  thermometers  are  calibrated  and  stocked  by  the  Southern  Forest 

Fire  Laboratory  and  will  be  issued  to  cooperators  for  $3.00  a  set,  together 

with  wicking.    Wicking  will  be  supplied  free  of  charge  upon  request.    To  pro- 

vide for  unbroken  service,    we  suggest  that  extra  sets  of  thermometers  and 

wicking  be  maintained  at  cooperators'  supply  points  and  remote  stations. 

Electrical  System 

In  areas  where  humidities  below  30  percent  are  experienced  frequently, 

it  m.ay  be  desirable  to  incorporate  a  small  battery  or  A.  C.  powered  fan  to  help 

insure  adequate  ventilation  for  the  instrument,  in  lieu  of  manual  fanning.  More 

ventilation  is  required  in  the  low  humidity  ranges  to  assure  that  moist  air 

surrounding  the  wet  bulb  is  removed  as  rapidly  as  it  forms.  The  small  fan  can 

be  located  2  inches  behind  the  thermometers,  either  on  the  lower  shield  or,  for 

better  weather  protection,  suspended  from  the  xmderside  of  the  upper  shield. 

The  airstream  should  be  drawn  over  the  wet  bulb.  The  battery  pack  will  fit 

behind  the  radiation  shield  spacer. 
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SUMMARY  OF  OBSERVATION  PROCEDURE 

1.  Make  certain  that  sunlight  is  not  falling  directly  on  either  thermometer 

bulb.     If  it  does,    follow  the  procedure  under  Early  Morning  or  Late 

Afternoon  Readings. 

2.  Make  certain  that  the  wet -bulb  wick  is  saturated.     If  it  is  not  saturated 

at  or  near  freezing  temperatures,    follow  the  procedure  in  section    on 

Readings  During  Freezing  Weather.    If  it  is  not  saturated  because  of  low 

humidity,  follow  the  procedure  in  the  section  on  Low  Humidity  Readings. 

3.  Make  certain  that  there  is  sufficient  wind  for  ventilation  of  wet  bulb.     If 

the  wind  is  less  than  6  miles  per  hour  during  dry  weather  (30  percent  or 

less  relative  humidity,    about  5  percent  fine  fuel  moisture)  or  less  than 

3  miles  per  hour  at  any  time,   fan  the  wet  bulb  until  a  minimum  reading 

is  obtained. 

4.  Read  the  wet  bulb  first. 

5.  Read  the  dry  bulb  immediately  afterward. 
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Second -year  slash  pine  cone  with  multiple  insect 
injury.  Maggots,  Itonididae,  infested  the  cone 
base,  while  a  coneworm,  Dioryctria  ana  ate  11a, 
made  the  larger  galleries   in  the  midcone  area. 



INSECTS  AFFECTING  SEED  PRODUCTION 

OF  SLASH  AND  LONGLEAF  PINES 

Their  Identification   and  Biological  Annotation 

h 
{Bernard  J4.  Coel 

INTRODUCTION 

Tree  planting  rates  in  the  South  have  rocketed  over  the  past  three  decades, 
and  the  area  now  leads  the  nation  in  plantation  establishment.    During  1960  over 

a  half -million  acres  were  planted   in  the   states   of  Georgia  and  Florida  alone. 
Such  extensive  planting,    mainly  of  pines,    has  brought  in  its  train  a  need  for 
more  seed  and  better  seed.      Each  year  the  demand  intensifies   for  seed  from 
trees  of  known  geographical  origin  with  proven  or  inheritable  desirable  traits 

such  as  superior  growth  rates,    superior  form,    disease  resistance,   or  gum- 
producing  capability.     This  demand  in  turn  has  led  government  and  industry  to 
establish  extensive   seed  production  areas   and   seed  orchards   composed  of 
selected  trees.     Seed  losses  to  date  have  been  very  heavy,    and  it  is  plain  that 
natural  losses  of  developing  cones  must  be  reduced  if  we  are  to  harvest  quantity 
seed  yields  from  such  trees.     Most  damage  is  done  by  insects. 

For  these  reasons,  a  three-phase  research  program  was  started  during 
1956  in  northern  Florida  to  study  insect  damage  to  flowers,  cones,  and  seed  of 
slash  pine  (Pinus  elliottii  Engelm.  )  and  longleaf  pine  (Pinus  palustris  Mill.  ). 
The  first  phase  has  been  the  identification  of  the  insects  and  of  their  injury;  the 
second  is  to  study  their  biology;  and  the  third  is  developing  means  for  their 
control.  The  present  paper  is  a  summary  of  the  first,  or  identification,  phase, 
with  biological  annotation. 

A  review  of  published  information  showed  that  little  was  known  about  in- 
sects attacking  slash,  longleaf,  or  other  southern  pines.  Wake  ley  (1931)  had 

reported  instances  of  insect-caused  losses  to  longleaf  pine  flowers  and  cones, 
and  also  specific  damage  by  a  coneworm,  Dioryctria  amatella  (Hulst),  to  the 
cones.  Wahlenberg  (1946)  had  also  stated  that  in  several  southern  states  this 

coneworm  destroyed  flowers  and  cones  of  longleaf  pine,  and  that  another  cone- 
worm,  D.  abietella  (D.  &S.  ),  destroyed  cones  and  shoots.  Knight  (1952)  re- 

ported damage  to  loblolly  pine  (Pinus  taeda  L.  )  cones  by  D.  amatella  and  seed 
destruction  by  a  seedworm,   Laspeyresia  toreuta  Grote. 



THE  PRESENT  STUDY 

During  1957  and  early  1958  many  collections  of  obviously  attacked  flowers 
and  cones  were  made.     These  were  examined  to  determine  the  cause  of  the  in- 

jury.    Immature   insects  found  were,    where  possible,   reared.      Guided  by  the 
information  from  these  preliminary  rearings,    researchers  started  systematic 
collections  of  both  slash  and  longleaf  pine  material  in  April  1958.     The  collec- 

tions included  flowers,   cones,   and  also  other  pine  material  which  might  serve 
as  an  alternate  habitat  for  insects  that  reduce  the  seed  crop  of  the  two  pines. 
For  a  1-year  period  collections  were   usually  made  at  2 -week  intervals,   and 
then  at  monthly  intervals  during  a  second  year.      In  March  1959,    cankers   of 
fusiform  rust,   Cronartium  fusiforme  (Pk. )  Hedge.  &  Hunt,  on  slash  pine  were 
included  among  the  items  collected.     These  cankers  were  collected  bimonthly 
for  1  year  and  monthly  thereafter.    All  collections,   except  of  fusiform  cankers, 
were  stopped  in  May  1960.    The  canker  collections  are  being  continued  to  follow 
the   biology  of  Dioryctria  spp.   coneworms   in  this   habitat.      Table  1  shows  the 
number  of  collections  made  of  various  sorts  of  host  material  and  the  total  num- 

ber of  each  kind  collected. 

Table  1.  --Slash  and  longleaf  pine  material  collected  for  information  about  cone  and  seed  insects, 
north  Florida,    1958-60 

Material  collected 

Slash  pine Longleaf  pine 

Items Collections Items Collections 

First -year  cones 

Clusters 

Individual  cones 

Second-year  cones 

Female  flower  clusters 

Male  flower  clusters 

Rust-infected  first -year  cones  i* 

Vegetative  buds,   shoots 

Fusiform  cankers  (through  March  1962) 

..... 

38 
-  Number  ------- 

38 

806 — 
760 

-- 

2,971 

— 
2,668 

-- 

2,536 

26 

2,460 

28 

783 
11 466 6 

813 
12 665 

10 569 16 17 3 

3.340 

35 

3,095 

36 
453 

30 0 0 

1/  Infected  by  Cronartium  strobilinum.  (Arth. )  Hedge,  and  Hahn. 

The  number  of  each  item  included  in  a  collection  varied  with  its  avail- 
ability in  the  collection  area.   From  25  to  100  samples  of  an  item  were  obtained 

if  reasonably  available,    except  for  fusiform  rust  cankers.      From  10  to  20 
fusiform  rust  cankers  comprised  a  collection  of  this  type  of  material.    Workers 
collected  all  other  items  either  from  live  or  freshly  felled  trees.     Such  trees 
were  sufficiently  mature  to  be  producing  regular  flower  and  cone  crops.    Fusi- 

form cankers  were   collected  from  the  stems  or  branches,    usually  of  saplings, 
adjacent  to  or  intermingled  with  more  mature,   cone -bearing  trees. 



Cut  ends  of  the  collected  material  were  waxed  to  retard  desiccation.    The 
material  was  then  stored  in  the  insectary  in  various  containers.     After  about 
1  week,  it  was  examined  for  evidence  of  insect  infestation  such  as  frass,  obvious 
external  injury,    and  the  presence   of  insects.      Delaying  this  first  examination 
allowed  external  signs  of  insect  attack  to  become  more  apparent,   enhancing  the 
chances  of  observing  small  immature  forms.     Infested  material  was  handled  in 
several  ways.     Adult  insects  were  associated  with  damage   caused,   if  any,   and 
then  pinned  or  preserved.  Where  immature  forms  were  found,  some  were  pre- 

served and  others  kept  in  rearing.     Immature  insects  attacking  individually  or 
in  small  numbers  were  usually  isolated  for  rearing.  In  cases  of  general  infesta- 

tion of  a  particular  material,   e.  g. ,   Dioryctria  spp.   in  rust -infected  cones,   only 
a  part  of  the  larvae  were  placed  in  isolated  rearing,  the  remainder  being  mass- 
reared  from  the  host  material.     In  instances  where  dissection  of  host  material 
was  apt  to  injure  the  immature  forms  present,  some  infested  items  were  isolated 
intact.   Fusiform  rust  cankers  were  not  dissected.   They  were  checked  frequently 
for  adult  insect  emergence,   and  waxed  cones  or  buds  added  as  food  material  for 
larvae  as  the  cankers  dried  out.     Some  of  the  larvae  entering  these  added  food 

cones  were  preserved,  some  were  isolated  for  rearing,  and  others  mass -reared 
in  the  containers  of  cankers. 

A  second  detailed  examination  was  made  of  the  collected  material,  except 
cankers,  about  one  month  after  the  first  examination.  Again  infested  material 
was  removed  and  immature  insects  found  were  preserved  or  placed  in  rearing. 
In  addition,  at  least  part  of  the  apparently  un infested  material  was  cut  open  to 
check  for  strictly  internal  insects.  Where  such  forms  were  present,  the  type  of 
material  infested  was  retained  in  rearing  if  there  was  any  possibility  of  obtain- 

ing adults.  Otherwise,  these  insects  were  looked  for  in  later  collections  and 
reared  out  when  they  became  sufficiently  mature. 

During  the  period  of  storage  in  the  insectary,  the  containers  of  collected 

material  were  also  frequently  checked  for  the  emergence  of  adult  insects  be- 
tween scheduled  examinations. 

Series  of  adult  insects  found  or  reared  were  submitted  to  the  United  States 
National  Museum  for  identification,  i/ 

1/  Appreciation  is  expressed  to  Dr.  W.  H.  Anderson,  of  the  Agricultural  Research  Service,  and  to 
the  National  Museum  staff  for  identification  of  the  various  insects  submitted.  In  addition,  thanks  are  due 

to  Dr.  D.  J.  Burdick,   Fresno  State  College,   for  specific  identifications  of  Xyela  spp.  sawflies. 



RESULTS 

The  rearings  made  in  this  study  have  yielded  information  on  a  number  of 
insects  present  in  the  collected  material.     Some  were  found  to  be  primary,   a 
few  primary  in  one  material  and  secondary  in  others,  and  others  strictly  sec- 

ondary.   The  present  paper  summarizes  the  results  of  the  rearings  as  follows: 

A.  Habitat  list  of  the  insects  found  in  the  collected  slash  and  longleaf 
pine  host  material. 

B.  Annotated  list  of  the  insects  found  in  slash  and  longleaf  pine  material. 

C.  Key  to  common  insect  damage  to  flowers  and  cones  of  slash  and  long- 
leaf  pines. 

A.  Habitat  List  of  Insects  Found  in  Collected  Slash  and 

Longleaf  Pine  Host  Material 

Numbers  in  parentheses  refer  to  the  annotated  list  of  insect  species. 
Pari;  B  of  this  paper.  Insects  seldom  occurring  on  a  material  are  omitted 
or  indicated  as  rare. 

Female  flower  clusters: 

Primary  insects:    Dioryctria  amatella(llb),  Dioryctria  clarioralis  (lie), 
Gnophothrips  piniphilus  (20)  (slash  pine  only),  Nepytia  semiclusaria  ( 1 5) 
(slash  pine  only),   Rhyacionia  subtropica  (17)  (rare,    slash  pine  only). 

Secondary  insects:    Holcocera  lepidophaga  (12). 

Male  flower  clusters: 

Primary  insects:   Dioryctria  abietella  (11a)  (rare),  Dioryctria  amatella(llb), 
Dioryctria  clarioralis  (lie),  Frankliniella  spp.  (19),  Holcocera  lepidophaga 
(12),   Itonididae  (5),   Lepidopsallus  australis  (6),    Lytta  n.  sp.  (2),   Satronia 
tantilla  (18),  Xyela  spp.  (9). 

First -year  cones: 

Primary  insects:    Dioryctria  abietella  (11a),   Dioryctria  amatella  (lib), 
Dioryctria  clarioralis  (lie),   Itonididae  (5),   Toumeyella  spp.  (7). 

Secondary  insects:  Battaristis  vittella(lO),  Ernobius  granulatus  (1), 
Holcocera  lepidophaga  (12),  Moodna  ostrinella  (14),  Pityophthorus 
pulicarius  (3). 

Second -year  cones: 

Primary  insects:    Dioryctria  abietella  (11a),   Dioryctria  amatella  (lib), 
Dioryctria  clarioralis  (lie),    Itonididae  (5),    Laspeyresia  spp.  (13), 
Toumeyella  spp.  (7). 



Secondary  insects:    Battaristis  vittella  (10),   Ernobius  granulatus  (1), 
Holcocera  lepidophaga(12),  Pityophthorus  pulicarius  (3). 

First -year  cones  infected  by  Cronartium  strobilinum; 

Primary  insects  (developing  in  live  succulent  diseased  cones):   Dioryctria 
abietella  (11a),    Dioryctria  amatella  (lib),    Dioryctria  clarioralis  (lie), 
Itonididae  (5),   Moodna  ostrinella  (14),   Satronia  tantilla  (18). 

Secondary  insects:    Pyroderces  rileyi  (16). 

Vegetative  buds,   shoots: 

Primary  insects:    Dioryctria  abietella  (11a)  (rare),  Dioryctria  amatella  (lib), 
Dioryctria  clarioralis  (lie),  Rhyacionia  subtropica  (17)  (rare,  slash  pine  only). 

Secondary  insects:    Ernobius  granulatus  (1),   Holcocera  lepidophaga  (12), 
Pityophthorus  pulicarius  (3). 

Fusiform  rust  cankers 

:2/ Dioryctria  abietella  (1  la),  Dioryctria  amatella  (lib),  Dioryctria  clarioralis 
(lie)  (rare),   Moodna  ostrinella  (14),  Satronia  tantilla  (18)  (rare). 

B.  Annotated  List  of  Insects  Found  in  Slash  and  Longleaf 
3/ 

Pine  Material  ^ 

COLEOPTERA 

1.  Ernobius  granulatus  LeConte--Anobiidae 

Larvae  of  this  beetle  infested  various  dead,  dry  material,  including  first - 
and  second-year  cones   and  shoots.     They  were  most  frequently  observed  in 
aborted  first -year  longleaf  pine  cones.   The  cone  abortion  was  apparently  caused 
by  some   undetermined  factor   such  as   insufficient  pollination  or  inadequate 
nutrient  supply;   Ernobius   infestation  occurred  only  after  the  cones  had  died 
and  dried  out. 

2.  Lytta  n.  sp.--Meloidae 

A  single  instance  of  this  large  blister-beetle  feeding  on  slash  pine  male 
flowers  was  observed.   The  flowers  were  stripped  to  their  axes.  Other  meloids 

could  be  expected  to  feed  on  slash  and  longleaf  pine  flowers,    for  example, 
Pomphopoea  polita  (Say),   which  Allen  and  Coyne  (1956)  reported  as  destroying 
the  male  flowers  of  a  shortleaf  pine,   Pinus  echinata  Mill. ,   in  Mississippi. 

2/  Fusiform  rust  cankers  were  collected  to  determine  which  flower  and  cone  insects,   particularly 

Dioryctria  spp. ,   occurred  in  this  habitat.     Only  such  insects  are  listed  here. 

^  Foliage -feeding  and  incidental  insects  are  not  considered  in  this  listing. 



3.  Pityophthorus  pulicarius  (Zimm.  )--Scolytidae 

Adults  of  these  small  scolytids  were  often  found  boring  into  shoots  or 
cones.  Such  attacks  were  apparently  secondary,  made  either  on  material 
collected  from  felled  trees  or  even  by  beetles  attracted  to  material  stored  in 
coarsely  screened  cages.  Instances  of  field  infestation  of  shoots  previously 
damaged  by  Dioryctria  spp.  coneworms  were  observed.  Cone  attacks  on  a 

lightning -struck  tree  also  were  noted.  As  compared  to  those  of  Ernobius,  the 
Pityophthorus  attacks  were  limited  to  dying  rather  than  dry,  dead  host  nnaterial. 

4.  Miscellaneous  Coleoptera-- 

Surface  feeding  injury  to  buds,   shoots,   and  cone  stalks  was  sometimes 
noted.     This  was  attributable  to  adults  of  Buprestidae,    Cerambycidae,  and 
Curculionidae.     A  cerambycid,    Eupogonius  tomentosus  (Hald);   a  buprestid, 
Chalcophora  sp. ,   and  a  weevil,   Pachylobius  picivorus  (Germ.  ),  were  seen  on 

shoots  or  buds.   Also  several  miscellaneous  pollen -feeding  Coleoptera,  includ- 
ing curculionids  and  nitidulids,   were  seen  among  maturing  male  flowers. 

DIPTERA 

5.  Cone  midge  s--Itonididae^  (Cecidonmyiidae) 

Larvae  of  this  group  of  flies  were  found  as  both  primary  and  secondary 

inhabitants  of  first-  and  second-year  cones.  Several  species,  as  yet  unidenti- 
fied, were  reared. 

One  species,    or  group  of  species,    caused  injury  to  first-  and  second- 
year  cones,  including  rust-infected  cones.   The  yellow  to  orange -colored  larvae 
fed  within  the  cones  on  the  inner  surfaces  of  cone  scales  and  on  succulent  seed 

causing  typical  cavities  within  the   attacked  cones  (fig.  1).      These   cones   or 

affected  cone  parts  died.     However,   the  incidence  of  such  cones  in  the  collec- 
tions was  low.     They  most  often  occurred  in  the  spring  or  early  summer  or 

were  associated  with  Dioryctria  spp.  coneworm  injury. 

Another  species  occurred  in  maturing  male  flowers  where  the  larvae  fed 
on  the  pollen. 

Two  other  species  were  decidedly  secondary  in  their  occurrence.     One  of 

these  was  common  between  the  cone  scales  of  opening  second-year  cones.     The 
other  occurred  in  resin  exuded  on  the  cone  surface.     It  was  more  frequent  on 
the  resinous  cones  of  longleaf  pine. 

HEMIPTERA 

6.  Lepidopsallus  australis  Blatchley--Miridae 

Developing  nymphs  and  later  adults  of  this  bug  were  regularly  found  among 
the  male  flower  buds  of  slash  pine.     Here  they  apparently  fed  into  buds  or  bud 
stems,    but  no  obvious   injury  was   seen.      Possibly  this  lack  of  injury  can  be 
attributed  to  the  relatively  few  bugs  which  were  ordinarily  present  in  any  one 
infested  flower  cluster. 

4/  Reared  adults  of  this  group  are  being  studied  by  Dr.   R.   H.   Foote,   of  the  U.   S.   National  Museum. 



Figure  1.  --Itonididae.  Cavities  between  the  scales  of  this  second-year  slash 
pine  cone  were  caused  by  groups  of  these  small  fly  larvae.  Arrow  indicates 
a  single  larva. 

HOMOPTERA 

7,     Toumeyella  spp. --Coccidae 

These  tortoise-shell  scales  infested  the  stalks  of  first -year  and  early 
second-year  cones.      Longleaf  pine  cones  were  more  frequently  infested  than 
those  of  slash  pine,   but  the  scales  were  not  abundant  on  either  pine  host. 
Several  predators   and  parasites   apparently  limited  the  numbers   of  scales 
reaching  maturity.     No  distinct  injury  to  the  infested  cones  was  seen. 

On  a  basis  of  the  presence  of  the  crawler  stage  under  matured  females, 
we  would  judge  that  each  year  at  least  two  generations  of  these  scales  occurred. 

The  first  generation  was  present  on  first -year  cone   stalks  in  the  spring  and 
summer;   reinfestation  occurred  on  similar  cones  in  the  fall,  and  this  genera- 

tion of  scales  overwintered. 

Two  species  were  found  in  the  collections.  One,  identified  as  Toumeyella 
near  corrugatum  neglectum  (Pettit  and  McDaniel),  was  on  both  pine  hosts.  The 
other,    identified  only  as  another  distinct  Toumeyella  sp.  ,   was  on  slash  pine. 

8.     Miscellaneous  scale  insects --Coccidae 

Several  other  coccids  were  infrequently  found  on  cones   or  cone  stalks. 

These  included:    Aspidiotus  sp.  near  bumeliae  Ferris  but  distinct;  Chrysom- 
phalus   (Acutaspis)  perseae   (Comst.  );    Matsucoccus  sp. ,    possibly  alabannae 
Morr,  ;   Pseudococcus  acutis  Lobdell,  and  P.  nr.  aciculus  Ferris,  and  Pseudo- 
philippia  quaintancii  (Ckll.  ). 



Figure  2.  --Xyela  spp.  sawfly  larvae  leaving  a  maturing  male  flower  of  slash  pine. 

HYMENOPTERA 

9.     Xyela  spp.- -Xyelidae 

The  larvae  of  these  sawflies  were  often  abundant  in  the  male  flower  buds, 

especially  of  longleaf  pine.      These  small,   white,   grub-like  larvae  fed  on  the 
developing  pollen  within  the  buds.    Some  infested  buds  were  flecked  with  small, 
white  spots  of  dried  resin  and  often  obviously  distorted;   others  appeared  quite 
normal  externally.     As  infested  flowers  matured  and  the  scales  opened  up  and 
released  the  pollen,    the   larvae  wriggled  out  (fig.  2).      They  have,   therefore, 
often  been  noticed  in  pollen  extracted  for  breeding  work. 

Three  species  were  reared.      Of  these,  two. 
X.  minor  Norton,  occurred  in  both  slash  and  longleaf  pine. 
Rohwer,   was  reared  from  slash  pine  only. 

Xyela  bakeri   Konow  and 
The  third,   X.  pini 



LEPIDOPTERA 

10.  Battaristis  vittella  (Busck)--Cfelechiidae 

Specimens  of  this  small  moth  and  of  a  possible  new  species  were  reared 

from  translucent  greyish-white  larvae  found  in  dead  cones   and  in  a  fusiform 
rust  canker.     Larval  galleries  were  lined  with  silk. 

In  a  single  instance  a  larva  was  reared  from  an  egg  found  on  an  over- 
wintering live  slash  pine  cone.  However,  in  no  case  were  larvae  collected 

within  live  cones. 

11.  Dioryctria  spp.--Phycitidae 

These  coneworms  were  generally  the  most  injurious  insects  attacking 
cones  of  slash  and  longleaf  pines.   Commonly  the  larvae  were  found  in  flowers 
and  cones  and  also  in  most  other  host  material   collected.      These  relatively 
large  larvae  (5/8  inch  to  1  inch  long)  tunnelled  extensively  in  the  host  material, 
usually  extruding  frass  and  often  resin  to  the  surface  of  the  infested  material. 

Several  generations  of  each  of  the  three  species  found  in  the  collections  de- 
veloped annually.      Figures  3,   4,   and   5  show  the   adults  of  these  coneworms. 

These  species  were  as  follows: 

Figure  3.  --Dioryctria  amatella,   adult  of  a  common  cone  worm. 
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Figure  4.  --Dioryctria  abietella,    adult  of  another  common  coneworm. 

Figure  5.  --Dioryctria  clarioralis,   adult  of  a  less  frequently  found  coneworm. 
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Figure  6.  --Dioryctria  abietella. 
Larval  frass  on  the  surface  of 
a  rust -infected  cone  (left). 

Right-hand  cone  is  a  normal 
first-year  cone. 

%. 

Figure  7. --Dioryctria  amatella  larva 
first  killed  a  female  flower  (left), 
then  entered  the  shoot,  killing  the 
entire  cluster  of  young  longleaf 
pine  cones. 
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11a.     Dioryctria  abietella  (D.  &  S. )  ̂ 

This  coneworm  was  abundant  in  rust-infected  cones  (fig.  6)  and  in  second- 
year  cones.      It  was   also  found  in  fusiform  rust   cankers   and  occasionally  in 

first -year  cones.  Rarely  it  infested  male  flower  clusters  and  longleaf  pine  over- 
wintering buds.      Mature  larvae  were  purple  to  brown  in  color  and  about  5/8  inch 

to  3/4  inch  long.   Often  only  frass  was  present  on  the  surface  of  infested  material. 

1  lb.     Dioryctria  amatella  (Hulst) 

This  species,  the  largest  coneworm  encountered,   commonly  infested  the 
widest  variety  of  the  pine  material  collected.    It  was  prevalent  in  buds,  flowers, 

and  shoots  (especially  of  longleaf  pine)  (fig.  7)  and  in  second-year  cones,  fusi- 
form rust  cankers,    and  rust -infected  cones.     It  also  occurred  in  wounded,   or 

sometimes  apparently  normal,  tree  trunks,  and  around  the  graft  unions  of  pines 

established  in  seed  orchards.     Attacks  on  first -year  cones,    except  as  related 
to  flower  and  shoot  infestations,  were  rare.    Mature  larvae  (fig.  8)  were  usually 

dull  purple  to  dark  purple -brown,  often  with  green  suffusions,  and  about  an  inch 
long.     Attacks  were  usually  marked  by  a  mass  of  mixed  frass  and  resin  on  the 
surface  of  the  host  (fig.  9).     This  was  the  only  species  of  coneworm  found  which 
regularly  pupated  within  the  infested  material. 

lie.     Dioryctria  clarioralis  (Wlk. ) 

This  coneworm  was  much  less  abundant  in  the  collections  than  the  previ- 
ous two  species.     It  was,  however,   quite  regularly  found  in  longleaf  pine  mate- 
rial and  less  frequently  in  slash  pine   collections.     First -year  cones  (fig.  10), 

vegetative  buds  and  male  bud  clusters  were  most  commonly  attacked;  occasional 
female  flower  buds  and  some   collections  of  rust-infected  cones   were   also  in- 

fested.  Second -year  cones  and  fusiform  rust  cankers  were  very  rarely  attacked. 
Mature  larvae  were  usually  colored  yellow -brown  to  orange -brown,   often 
heavily  suffused  with  grey.     They  were  about  2/4  inch  long.     A  very  character- 

istic blister  of  resin-coated  silk  was   constructed  over  entry  holes  by  these 
coneworms  (fig.  11).     Ejected  frass  accumulated  inside  these  blisters. 

5l  This  species  was  based  on  European  specimens.  Monroe  (1959)  in  Canada  considered  North 

American  specimens  which  he  examined  as  a  distinct  species,  Dioryctria  abietivorella  (Grote).  How- 
ever, U.  S.  National  Museum  taxonomists  follow  Heinrich  (1956),  who  included  such  specimens  under 

D.  abietella. 

Figure  8.  --Dioryctria  amatella  larva.  Actual  length  is  about  1  inch.  Conspicuous 

tubercles  distinguish  this  larva  from  two  other  Dioryctria  species  found  in  north 
Florida. 



Figure  9.  --Dioryctria  amatella  larval 
attack  into  second-year  longleaf  pine 
cone  is  marked  with  typical  accumu- 

lation of  frass  and  pitch. 

Figure  10.  -  -  Dioryctria  clarioralis 
larva  riddled  the  first -year  long- 
leaf  pine  cone  to  the  left.  Resin 
blister  is  partly  shown  on  cone 
base.   Cone  to  the  right  is  normal. 



Figure  11.  --  Dioryctria  clarioralis  at- 
tack on  terminal  bud  of  longleaf  pine 

shoot  is  marked  by  typical  resin  blis- 
ter. Larva  probably  first  fed  on  m,ale 

flower  buds  now  spent  and  dry. 

12.     Holcocera  lepidophaga  Clarke --Blastobasidae 

The  purple -brown  larvae  of  this  small  glossy  tan  moth  (fig.  12)  commonly 
fed  into  male  flower  buds  of  both  pines.      They  constructed  protective  silken 
tubes  among  the  buds.     Frass  and  fine  webbing  were  often  obvious  among  the 
infested  flower  clusters. 

Larvae  were  also  common  as  secondary  feeders  on  the  dry  scale  leaves 

of  buds,    shoots,   and  cone  stalks,    and  in  rust -infected  cones  or  material  de- 
teriorating following  attacks  by  other  insects.     Occasionally  they  were  found 

preying  on  Toumeyella  scales  on  cone  stalks.  Several  generations  occur  yearly. 

The  larvae  resemble  Dioryctria  abietella  in  color  and  could  be  mistaken 
for  the  smaller  larval  forms  of  this  coneworm.     However,    the  prothorax  of 

Holcocera  larvae  is  obviously  constricted  in  comparison  to  the  head  and  re- 
mainder of  the  thorax;   in  D.   abietella  the  prothorax  is  about  the  same  width 

as  these  adjoining  structures. 

Figure  12.  --Holcocera  lepidophaga  moth.  The  larva  of  this  species  commonly 
occurs  among  dry  scale  leaves  of  buds  and  cone  stalks  and  seasonally  on  male 
flower  buds.  ^ 



13.     Laspeyresia  spp.--01ethreutidae 

The  white,  grub-like  larvae  of  these  moths  fed  only  in  the  seed  of  second- 
year  cones.      Eggs  were  laid  on  the  cones  in  the  spring.      Larvae  fed  from  seed 
to  seed  during  the   summer  and,    in  the  fall,    entered  the  cone  axis.     Here  they 
overwintered,  pupating  and  emerging  as  adults  in  the  spring.    Cones  containing 
Laspeyresia  spp.   larvae   showed  no  external  evidence  of  attack  while   still 
green.     Hollowed  seed,   packed  with  frass,    or  the  overwintering  tunnels  in  the 

cone  axis  were   obvious  in  cut -open  cones  (fig.  13).     Also  the  hollowed  seeds 
tended  to  remain  in  opened  mature  cones  and  were  additional  evidence  of  attack. 
Two  species  of  these  seedworms  were  found  in  the  collections  as  follows: 

Figure  13.  --Laspeyresia  anaranjada.  Several  frass -filled  seeds  destroyed  by 
the  larvae  of  this  moth  remained  in  this  open  slash  pine  cone.  A  hibernation 
gallery  constructed  from  the  last  infested  seed  is  shown  in  the  center  of  the 
photograph. 

13a.     Laspeyresia  anaranjada  Miller 

This  species   commonly  infested  slash  pine  cones.      It  was  very  rarely 

found  in  cones  of  longleaf  pine.    The  adult  moth  is  a  bright  golden-orange  with 
silvery-white  markings  (fig.  14). 

13b.     Laspeyresia  ingens  Heinrich 

This  seedworm  was  found  in  cones  of  both  slash  and  longleaf  pine  but  was 

much  more  abundant  in  those  of  longleaf.    The  adult  moths  (fig.  15)  were  grey- 
brown  with  silvery -white  markings,  the  more  usual  color  of  Laspeyresia  spp. 



14.  Moodna  ostrinella  (Clem.  )--Phycitidae 

Larvae  of  this  moth  were  regularly  found  in  rust -infected  first -year  cones. 
They  also  were  reared  from  dead  cones  and  from  fusiform  rust  cankers. 

The   larvae   occur  with  those   of  Dioryctria  abietella  in  rusted  cones   and 
might  be  confused  with  these  cone  worms.   The  more  robust  larvae  of  M.  ostrinella, 

however,   have  bright  yellow-brown  to  orange-brown  head  capsules  compared  to 
the  duller  brown  heads  of  D.   abietella  larvae. 

15.  Nepytia  semiclusaria  (Wlk.  )--Geometridae 

Early  instar  larvae  of  this  looper  were  occasionally  found  feeding  on  the 
female  flowers  of  slash  pine.  These  larvae  completed  their  development  on 

new -growth  needles  and  pupated  there  in  a  coarse  meshwork  of  silk  fibers.  A 
single  generation  occurred  each  year,  the  larvae  developing  from  late  January 
through  April.  The  species  probably  holds  over  in  the  egg  stage  as  suggested 
by  Hetrick  (1960)  in  his  observations  of  this  insect  on  sand  pine,  Pinus  clausa 

(Chapm.  )  Vasey,   where  it  fed  on  old  rather  than  new-growth  needles. 

16.  Pyroderces  rileyi  (Wlshm.  )--Cosmopterygidae 

This  small  moth  was  reared  from  rusted  cones  in  late  stages  of  develop- 
ment.    It  apparently  was  a  secondary  invader  of  the  dying  galled  cones. 

17.  Rhyacionia  subtropica  Miller --Olethreutidae 

Larvae  of  this  tip  moth  were  collected  rarely  in  overwintering  slash  pine 
buds  including  in  one   instance  a  female  flower  bud.      This  is  the  common  tip 
moth  species  found  in  the  buds  and  shoots  of  young  slash  and  loblolly  pines  in 
north  Florida.      It  has  frequently  damaged  grafted   scions  of  slash  pine  in  the 
propagation  of  selected  genetic  stock. 

Figure  14.  --Laspeyresia  anaranjada  moth.     This  species  was  common  in 
slash  pine  cones. 
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Figure  15.  --Laspeyresia  ingens  moth.     This  species  occurred  regularly  in 
longleaf  pine  cones  and  to  a  lesser  extent  in  those  of  slash  pine. 

Figure  16.  --Satronia  tantilla. The  larvae  of  this  moth  were  abundant  in  longleaf 
pine  male  flowers. 

18,     Satronia  tantilla  Heinrich--01ethreutidae 

The  small,  white  larvae  of  this  moth  (fig.  16)  bored  within  the  male  flower 
buds.  Longleaf  pine  flowers  were  often  heavily  infested,  while  those  of  slash 
pine  were  comparatively  lightly  attacked.  Eggs  were  laid  upon  the  bud  scales 

of  the  expanding  flower  clusters.  Larvae  extruded  fine  frass  to  the  flower  sur- 
face. Pupation  occurred  within  the  attacked  flowers,  often  in  the  base  of  the 

shriveled  remains  of  spent  flowers. 

A  second  generation  of  this  moth  developed  in  rust -infected  first -year 
cones.  Occasional  adults  have  also  been  reared  from  fall  collections  of  fusi- 

form rust  cankers,  indicating  that  at  least  three  generations  of  this  moth  can 
occur  each  year. 



Figure  17.  - -Gnophothrips  piniphilus 
adults  on  a  young  slash  pine  cone. 

w \ 

Figure  18.  -  -  Gnophothrips  piniphilus 
adult.  Both  the  short -winged  form 
shown  and  fully  winged  adults  oc- 

curred in  this  thrips  species.  (Ac- 
tual length  about  1/16  inch.  ) 



THYSANOPTERA 

19.  Frankliniella  tritici  (Fitch);   Frankliniella  spp.--Thripidae 

These  minute  flower  thrips  were  common  in  the  pollen  of  opening  male 
flowers.     They  have  been  noticed  often  in  extracted  pollen,    from  which  they 
are  difficult  to  remove  because  of  their  small  size. 

A  single  specimen  of  F.  bispinosa  (Morg.  )  was  identified  from  a  young 
cone.   This  was  quite  possibly  an  incidental  occurrence  since  this  thrips  group 
was  not  ordinarily  noticed  on  female  flowers  or  cones. 

20.  Gnophothrips  piniphilus  Cwfd.  --Phloeothripidae 

Adults  of  this  thrips  were  regularly  found  feeding  on  the  female  flower 
buds  and  young  cones  of  slash  pine  (figures  17  and  18).  Flower  injury  and  often 
death  were  caused  by  the  surface  scraping  of  the  scales  and  bracts  by  these 

small  brownish -black  insects.  Beads  of  resin  were  conspicuous  on  injured 
flowers  (fig.  19).  Infestations  seemed  to  be  more  prevalent  on  the  flowers  of 

open-grown  trees  than  on  those  in  forest  stands.  Attack  by  this  thrips  was  the 
most  common  cause  of  slash  pine  female  flower  mortality. 

From  spring  through  fall  this  thrips  was  found  widely  dispersed  on  slash 

pine  reproduction.      In  this  habitat  both  adults   and  immature  forms  were  ob- 
served but  no  obvious  injury  was  noticed,   probably  because  of  the  small  num- 

bers present  on  individual  trees.     It  also  was  found  on  shoots  of  Pinus  taeda. 

21.  Oxythrips  sp.  (pallidiventris  Hd.  ?  )--Thripidae 

Adults  of  this  thrips  were  found  in  mature  male  flowers. 

Figure  19,  --Gnophothrips  piniphilus  feeding  injury  caused  the  typical  beaded 
resinosus  on  these  dying  young  slash  pine  cones. 



C.  A   Key   to   Common  Insect  Damage   to  Flowers  and 

Cones  of  Slash  and  Longleaf  Pines 

1.  Female  flowers  attacked  5/        2 

la.  Male  flowers  or  developing  cones  attacked^  ...      5 

2.  (1)         Surface  feeding  (scraping)  on  scales  and  bracts, 
distinct  beads  of  resin  (fig.  19)  forming  on  in- 

jured flower  surfaces  (slash  pine  only)        Gnophothrips 

piniphilus 
2a,             Flowers  externally  gouged  (bitten  into),  or  bored 

into  and  internally  injured,    resin  if  present 
mainly  in  irregular  droplets  or  masses        3 

3.  (2a)       Flowers  gouged;   small  looper  caterpillars  may 
be  present  (slash  pine  only)        Nepytia 

semiclusaria 

3a.  Flowers  bored  into;  larvae,  if  present,  not 
loopers        4 

4.  (3a)       Resin  blister  present  at  base  of  flowers;  flower 
usually  completely  hollowed  out        Dioryctria 

clarioralis 

4a.  Pitch  flow,   or  frass  only,   on  flower;   feeding 
often  limited  to  the  axis  of  the  flower        Dioryctria 

amatella 

5.  (la)       Attacks  on  male  flowers        6 

5a.  Attacks  on  cones   12 

6.  (5)         Frass  absent;   injury  by  adult  or  nymphal 
feeding        7 

6a.  Frass  present  on  or  in  the  flowers;   injury  by 
larval  feeding        8 

7.  (6)         No  distinct  injury  observed,  nymphs  (orange - 
red)  or  adults  (brown)  of  a  true  bug  present 
among  flower  bases  (slash  pine  only)   Lepidops alius 

australis 

£/  For  simplicity  the  terms,  "male  flowers,"  "female  flowers,"  and  "cones"  are  used  in  this  key. 
Their  equivalents  in  more  restricted  botanical  terms  would  be:  male  flowers  =  male  strobili;  female 
flowers  =  female  strobili  through  the  receptive  stage;  cones  =  female  strobili  in  their  period  of  develop- 

ment following  receptivity  until  seedfall,   a  period  of  two  growing  seasons. 
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7a.             Flowers  stripped  to  axis;   adult  beetles  may- 
be observed  (slash  pine  only)        Lytta  sp. 

(Meloidae) 

8.  (6a)       External  evidence  of  attack  limited  to  varying 
degrees  of  distortion  and  to  small  resin  spots 

on  the  flowers.  Small,  creamy  white,  grub-like 
larvae  (fig,  1)  often  seen  in  extracted  pollen    .   .   .     Xyela  spp. 

8a.  External  evidence  of  attack  more  noticeable, 
frass,  webbing,  etc.  ;   larvae,  if  found,  typical 
caterpillars  seldom  seen  in  extracted  pollen  ...      9 

9.  (8a)       Fine  yellow  frass  inconspicuously  webbed 
together  on  flower  surface;   small  (\  inch), 
white  caterpillars,  with  distinct  anal  combi/ 
at  the   end  of  the   abdomen  behind  the   anal 

prolegs,   present  inside  flower  buds             Satronia 
tantilla 

9a.             Frass  of  various   colors,    loose,   or  with 
webbing  distinct  to  the  unaided  eye;   larvae 
without  anal  comb  structure,  in  or  on  flower 
buds        10 

10.  (9a)       Webbing  tunnels  and  conspicuous  frass  present 
among  flower  buds.      Very  elusive  brown  to 
purple   larvae,    with  prothorax  constricted, 
present  among  or  in  the  flowers             Holcocera 

lepidophaga 

10a.              Webbing  coated  with  pitch  to  form  a  blister - 
like  structure,   or  absent,   frass  usually  not 
obvious;   larvae,   with  prothorax  as  wide  or 
wider  than  the  head  or  remainder  of  thorax, 
in  flower  buds        11 

11.  (10a)     Webbing  coated  with  pitch  forms  a  blister 
over  attacked  buds  (fig.  11).   Larvae  usually 
yellow  to  brown        Dioryfctria 

clarioralis 

11a.  Flower  attack  marked  by  fine  frass  only. 
Larvae   most  often   creamy  white  to  pale 
amber,  with  obvious  raised  setal  bases  on 
the  top  and  sides  of  the  abdomen  (fig.  8)        Dioryctria 

amatella 

(young  larvae) 

7/  Peterson  (1948,   p.  169)  illustrates  this  structure. 
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12.  (5a)       Attacks  on  live  cones        13 

12a. Attacks  on  dead  cones  ̂         17 

13.  (12)       Superficial  feeding  on  scale -leaves  of  the  cone 
stalks;   larvae  in  webbing  tunnels       Holcocera 

lepidophaga 

13a.  Definite  feeding  injury  into  or  within  cones  ....      14 

14.  (13a)     Obvious  external  evidence  of  injury  present 
in  the  form  of  frass,  holes;   or  pitch  masses   ...      15 

14a.  Cones  externally  intact        16 

15.  (14)       A  definite  pitch  blister  present  over  injury; 

usually  on  first -year  cones  (fig.  10)        Dioryctria 
clarioralis 

15a.  Frass  and  resin  masses,   or  frass  only  over 

injury;   usually  on  second -year  cones  (fig.  9)  .   .   .      Dioryctria 
amatella,   or 

D.    abietella 

16.  (14a)    Seeds  only  attacked,   in  second -year  cones. 
Frass  packed  in  destroyed  seeds.     White 
larvae  hibernate  over  winter  in  galleries 
in  cone  axis  (fig.  13)        Laspeyresia spp^ 

16a.  Cavities  formed  between  cone  scales,  involving 

both  scale  surfaces  and  developing  seed  struc- 
tures (fig.  1).     Small  yellowish  to  bright  orange 

larvae  often  present       Itonididae 
(Cecidomyiidae) 

17.  (12a)     Fine  boring  dust  pushed  from  small  hole  in 
cone;   attacks  on  dying,  yet  succulent,  cones, 
especially  those   on  felled  trees   or  cones 
stored  in  coarsely  screened  cages.     Small 
beetles,    of  the  bark  beetle  type,   usually 

present.     Larvae  grub-like  and  legless        Pityophthorus 

pulicarius 

17a.             Pellets  of  granular  frass  pushed  to  cone 
surface  or  packed  within  cone.     Larvae 
with  definite  legs             18 

^  If  a  dead  cone  is  deformed,   or  has  an  obvious  accumulation  of  resin  on  the  surface  or  in  insect 
gaUeries,   consider  it  alive  when  attacked  and  go  to  couplet  13. 
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18.  (17a)     Short  galleries,   packed  with  fine,   dry,   gran- 
ular frass  without  webbing,   in  dead,  dry  cones, 

often  in  the  stalk  or  cone  base.     White,  heavy- 
bodied,   grub-like  larvae  often  present        Ernobius 

granulatus 

18a.  Larval  galleries  wandering  throughout  the 
cones,  webbing  sometimes  noticeable,  and 
frass  irregularly  present.      Larvae  are 
elongate  caterpillars  with  abdominal  legs. 
Several  lepidopterous   larvae,    commonly 
Battaristis  vittella,  Moodna  ostrinella,  and 
Holcocera  lepidophaga 
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INTRODUCTION 

Increment  cores  have  been  used  to  evaluate  such  tree  characteristics  as 

age,  rate  of  growth,  percentage  of  various  types  of  tissue,  chemical  composi- 
tion,  and  density.     Of  the  wood  characteristics  listed,    density  has  come  to  be 

of  considerable  interest  to  numerous  researchers,  since  it  is  highly  correlated 
with  the  strength  properties,  workability,  and  weight  of  wood.    Pulp  companies 
are  using  wood  density  to  help  them  predict  pulp  yield.     Geneticists  and  forest 
managers  are  using  density  as  a  criterion  for  selecting  superior  trees  for  seed 
orchards  and  tree  breeding  studies.     Although  increment  cores  have  been  used 
to  good  advantage  in  evaluating  some  properties,  their  value  in  estimating  tree 
density  or  the  density  of  large  pieces  of  wood  is  still  open  to  question.     For 
instance,   some  studies  show  that  increment  cores  tend  to  give  higher  density 
values  than  normal,  whereas  others  show  that  increment  cores  give  low  spe- 

cific gravity  values.     Some   show  significant  differences   between  cores  and 
larger  pieces,    whereas  others  do  not.   The  relative  amount  of  variation  which 
can  be  accounted  for  by  increment  cores  in  statistical  analyses  is  high  in  some 
studies  ajid  low  in  others.  Researchers  still  don't  know  how  many  cores  to  use 
or  whether  to  use  only  part  of  each  core. 

The  purpose  of  the  cooperative  study  reported  here  between  the  South- 
eastern Forest  Experiment  Station  and  the  Forest  Products  Laboratory  was  to 

develop  information  on  tree -increment  core  specific  gravity  relationships.  The 
study  was  designed  to  show  the  relationships  between  tree  specific  gravity  and 
(l)the  specific  gravity  of  only  a  part  of  a  single  increment  core,  (2) the  specific 
gravity  of  one  whole  increment  core,  (3)  the  specific  gravity  of  the  average  of 
several  increment  cores,  and  (4)  other  tree  characteristics  such  as  age,  diam- 

eter, tree  volume,   and  height. 

Both  authors  work  for  the  U.  S.  Forest  Service.  Michael  Taras  is  Technologist,  Division  of  Forest 

Utilization  Research,  Southeastern  Forest  Experiment  Station,  Asheville,  N.  C.  Harold  Wahlgren  is  Tech- 
nologist,  Division  of  Wood  Quality  Research,  Forest  Products  Laboratory,  Madison,  Wis. 



PAST  WORK 

Markwardt  and  Paul  (1946)  evaluated  increment   core   specific  gravity 

determinations  with  those  obtained  from  standard  2  x2x  6-inch  specific  gravity- 
blocks.     The  average  specific  gravity  of  50  increment  cores  of  true  mahogany 
(Swietenia  sp.  )  was   0.548,    compared  to  0.560  for  the   blocks.     For  African 
mahogany  (Khaya  sp.  )the  averages  were  0.486  and  0.491,  respectively.   Although 
the  core  values  were  lower  in  both  cases,  they  were  not  statistically  significajit. 
Spurr  and  Hsuing  (1954)  checked  the  specific  gravity  of  increment  cores  with 
wood  blocks  taken  at  3  different  heights  from  14  jack  pine  trees.     The  average 
specific  gravity  of  the  cores  (0.370)  was  slightly  lower  than  the  average  specific 
gravity  of  wood  blocks.     Although  the  difference  was  slight,    it  was  significant. 
The  standard  error  of  the  difference,  however,  was  only  0.003,  and  the  investi- 

gators concluded  that  the  two  samples  were  comparable.     Larson  (1957)  com- 
pared specific  gravity  results  obtained  from  two  different  size  increment  cores 

(0.1 57 -inch  diameter  and  |^-inch  diameter)  and  found  that  the  smaller  cores 
gave  consistently  higher  specific  gravities  than  the   larger  increment  cores. 
He  suggested  that  this  difference  resulted  from  a  reduction  in  the  volume  of  the 
larger  specimens --a  reduction  caused  by  compression  forces  during  extraction. 

Zobel  and  Rhodes  (1955)  made  an  analysis  on  50  trees  to  determine  the 

within-tree  variability  at  breast  height  in  an  effort  to  establish  the  number  of 
sample  cores  that  should  be  taken  from  each  tree.    Three  cores  were  removed 
from  each  of  50  trees  at  120-degree  intervals.   The  standard  deviation  for  these 
data  was  0.02.    They  reasoned  that  one  core  would  give  them  the  precision  they 
desired,   and  used  one  core  as  an  indicator  of  tree  gravity. 

Wahlgren  and  Fassnacht  (1959)  reported  significant  relationships  between 
increment   cores  taken  at  breast  height  position  and  the  total  tree   specific 
gravity  as  estimated  from  a  series  of  disks  taken  at  4-foot  intervals  up  the 
tree  to  a  4 -inch  top.      Data  were  collected  on  four  species  of  southern  yellow 
pine,    namely,   shortleaf,   loblolly,   slash,   and  longleaf  pine.      The  statistical 
regressions  developed  from  these  data  explained  at  best  only  53  percent  of  the 
variation  in  only  one  of  the  species --loblolly  pine. 

Gilmore  et  al.  (1961)  also  explored  the  possibility  of  using  increment 
cores  to  estimate  tree  specific  gravity  of  shortleaf  pine  and  loblolly  pine  in 
southern  Illinois.     Forty-seven  shortleaf  pine  and  39  loblolly  pine  were  used 
in  this   study.      It  was   conducted   in  a  sinailar  fashion  to  the  study  made  by 
Wahlgren  and  Fassnacht  except  for  the  fact  that  the  material  was  from  planta- 

tion stock  and  two  cores  were   removed  from  each  tree,   one  at  breast  height 
and  one  at  stump  height.    Their  shortleaf  pine  data  show  a  considerably  higher 
reduction  in  unexplained  variation  than  the   Mississippi  data  of  Wahlgren  and 
Fassnacht,    as  well  as  a  smaller  standard  error  about  the   regression  line 
(table  1).     In  the  case  of  shortleaf  pine  in  Mississippi,   only  46  percent  of  the 
variation  is   explained  by  the  reciprocal  of  core  gravity,   which,   according  to 
Wahlgren  and  Fassnacht,  explained  more  of  the  variability  than  specific  gravity 
of  the  core  alone.   Their  standard  error  for  shortleaf  is  also  rather  high,   0.023. 

Gilmore's  data  show  64  percent  of  the  variability  explained  by  a  single  increment 
core  and  a  somewhat  smaller  standard  error,    0.017.   In  loblolly  pine  the  differ- 

ence between  the  two  studies  was  not  so  great,  but   Gilmore's   data  had  a  lower 



standard  error.     For  loblolly  pine  from  Mississippi,    53  percent  of  the  vari- 
ability was  explained  by  the  reciprocal  of  core  gravity  and  the  standard  error 

about  the  regression  line  was  0.021.    Gilmore's  data  for  a  core  taken  at  breast 
height  showed  50  percent  of  the  variation  explained  and  had  a  standard  error  of 
0.017.      Further  statistical  manipulation  of  the  data  by   Gilmore  et  al.   showed 
that  the  regression  of  tree  specific  gravity  on  the  product  of  specific  gravities 

for  cores  taken  at  1-foot  and  4.5-foot  locations   gave  the  best  fit  of  the  data. 
Correlation  coefficients  for  this  relationship  were  0.851  and  0.764  for  shortleaf 
pine  and  loblolly  pine,   respectively  (table  1).     Standard  error  about  regression 
for  both  species  was  0.015. 

Table  1.  --Correlation  coefficients  auid  standard  error  of  estimates  for  tree  to  core  specific  gravity 
relationships  in  Illinois  and  Mississippi  studies 

Correlation  coefficient Standard  error  of  estimate 

Illinois  i/ Mississippi^ 
Illinois  ̂  

Mississippi^ 

SHORTLEAF  PINE 

Tree  specific  gravity  on  core 
specific  gravity  at  4.5  feet  0.801 

Tree  specific  gravity  on  product  of 
cores'  specific  gravity  at  1  and  4.5  feet  0.851 

0.682 0.017 

0.015 

0.023 

LOBLOLLY  PINE 

Tree  specific  gravity  on  core 
specific  gravity  at  4.5  feet  0.707 

Tree  specific  gravity  on  product  of 
cores'  specific  gravity  at  1  and  4.5  feet  0.764 

0.729 0.017 

0.015 

0.021 

1/  Data  from  Gilmore  et  al.  (1961). 
2/  Data  fronn  Wahlgren  and  Fassnacht  (1959). 

FIELD  PROCEDURE 

One  hundred  and  seventy-nine  slash  pine  and  longleaf  pine  trees  were 
sampled  for  this  study  from  two  counties  in  southern  Georgia.     Data  on  tree 
size  and  areas  cut  are  in  table  7  of  the  Appendix. 

Before  the  trees  were  felled,  four  increment  cores  were  removed  with 
a  calibrated  borer  from  each  tree  at  breast  height.     The  first  core  was  taken 

at  random  and  the  remaining  three  cores  at  90-degree  intervals  in  a  clockwise 
direction  from  the  random  core.     The  green  length  of  each  core  from  bark  to 
pith  was  measured  to  the  nearest  0.01  inch  immediately  after  extraction. 

After  the  trees  had  been  felled,  pulpwood  bolts  (5  feet  3  inches)  were  cut 
progressively  from,  the  stunap  to  a  minimum  top  diameter  of  approximately  4 
inches.     Complete  cross   sections   about  1^  inches  thick  were  cut  from  the  top 
end  of  each  pulpwood  bolt.     No  sample  was  taken  at  the  butt  end  of  the  first  bolt. 



LABORATORY  PROCEDURE 

All  disks  were  soaked  for  at  least  24  hours  upon  arrival  at  the  Forest 

Products  Laboratory  to  insure  accurate  green  volume  determinations.  Follow- 
ing the  soaking  period,  the  bark  was  removed  from  the  disks,  the  diameter 

(d.i.b.),  age  (breast  height  section  only),  and  green  volume  (by  water  immersion) 

were  determined.  The  samples  were  then  ovendried  at  105°  C.  in  a  forced  draft 
oven  and  their  ovendry  weight  determined.  Specific  gravity  of  the  disks  was 
calculated  from  the  ovendry  weight  and  green  volume  of  the  sample. 

The  increment  cores  were  handled  differently  from  the  disks.  Increment 
core  length  from  bark  to  pith  was  measured  to  the  nearest   0.01  inch  in  the 

field.   Following  a  soaking  period,  the  cores  were  segmented  into  three  approx- 
imately equal  lengths,    remeasured  to  the  nearest  0.01  inch,   and  then  dried  to 

an  ovendry  condition.     The  diameter  of  each  increment  core  or  core  segment 
was  the  caliber  of  the  cutting  edge  of  the  increment  borer  determined  to  the 
nearest  0.001  inch.   Micrometer  measurements  of  individual  cores  substantiated 
the  borer  caliber. 

Specific  gravity  values  were  determined  for  each  core  segment,   and  thus 
made  available  the  following  gravity  combinations  for  each  core: 

Complete  core  gravity 
Complete  weighted  core  gravity 
Outer  1/3  core  gravity 
Outer  2/3  core  gravity 

Complete  weighted  core  gravity  was  determined  by  weighting  the  segment 
gravities  by  the  cross  sectional  areas  the  segments  represented. 

The  average  specific  gravity  of  each  bolt  was   computed  as  the  mean 
gravity  of  its  terminal  disks   (except  that  a  single  disk  was  used  to  estimate 
the  specific  gravity  of  the  butt  bolt).     The  average  specific  gravity  of  the  tree 

was  determined  by  weighting  the  average  bolt  gravity  by  bolt  volume.    Formu- 
las for  the  above  computations  are  shown  in  the  Appendix. 

DATA  ANALYSIS 

The  relationships  analyzed  in  this  study  are  as  follows,  with  tree  specific 
gravity  as  the  dependent  variable  in  each  case: 

Simple  Regression  Analysis 

(1)  Tree  specific  gravity  on  the  specific  gravity  of  a  single  increment 
core,   and  on  the   average   specific  gravity  of  two,  three,   and  four  increment 
cores  taken  at  breast  height. 

(2)  Tree  specific  gravity  on  the  specific  gravity  of  a  single  weighted 
increment  core,   and  on  the  average  specific  gravity  of  two,  three,   and  four 
weighted  increment  cores. 



(3)  Tree  specific  gravity  on  the  specific  gravity  of  the  outer  one -third 
of  a  single  increment  core,  and  the  average  specific  gravity  of  the  outer  one- 
third  of  two,  three,   and  four  increment  cores. 

(4)  Tree  specific  gravity  on  the  specific  gravity  of  the  outer  two -thirds 

of  a  single  increment  core,  and  the  average  specific  gra-</ity  of  the  outer  two- 
thirds  of  two,  three,   and  four  increment  cores. 

(5)  Tree  specific  gravity  on  the  reciprocal  of  specific  gravity  of  a  single 
increment  core. 

Multiple  Regression  Analysis 

In  addition  to  the  simple  relationships  above,  measurable  tree  charac- 
teristics were  used  with  single  and  multiple  core  gravities  in  a  multiple  re- 
gression analysis  to  predict   average  tree   specific  gravity.     The  variables 

included  in  the  analysis  were  as  follows: 

Y    =  tree  specific  gravity 

Xj  =  single  increment  core  specific  gravity 

X2  =  average  weighted  specific  gravity  of  cores  1  and  3 

X3  =  diameter  breast  height  (dbh) 

X4  =  dbh /age 

X5  =  age 

Xg  =  1/age 

Xy  =  volume /age 

X3  =  total  height 

Xg  =  total  height /age 

DISCUSSION  OF  RESULTS 

Simple  Regression  Analysis 

In  the  linear  regression  analyses  on  the  tree  and  increment  core  specific 
gravity  relationships,   correlation  coefficients  and  standard  errors  of  estimate 
were  determined  for  each  individual  increment  core  extracted  from  each  tree. 

These  values  are  shown  in  table  2  for  both  longleaf  and  slash  pine. 

In  comparing  the  correlation  coefficients  and  standard  errors  of  the 
single  untreated  increment  cores  of  longleaf  pine  with  the  results  obtained 

for  the  weighted  increment  core  group,   and  the  two-thirds  increment  core 
group,   one  finds  only  minor  improvements  in  the  correlations  and  standard 
errors.     Where  a  single  increment  core  accounts  for  about  55  percent  of  the 

variation,   a  weighted  core  accounts  for  about  63  percent  of  the  variation-- 
an  increase  of  8  percent --and  the  two -thirds  core  accounts  for  only  60  per- 

cent of  the  variation,   or  an  increase  of  5  percent.     The  reciprocal  of  core 



specific  gravity  showed  no  improvement  over  a  single  increment  core,  and 
the  outer  one -third  core  gave  the  poorest  correlation  of  all  treatments,  ac- 

counting for  only  43  percent  of  the  variation. 

The  results  obtained  for  slash  pine  do  not  coincide  in  all  cases  with  those 
obtained  for  longleaf  pine.      The  correlation  coefficients  and  standard  errors 
for  the  single  untreated  slash  pine   cores  are  the  only  results  that  compared 

favorably  with  results  obtained  for  longleaf  pine.     Unlike  the  correlation  co- 
efficients in  longleaf  pine,    which  increased,    the  correlation  coefficients  for 

weighted  slash  pine  cores  and  the  two-thirds  cores  decreased  slightly.     Un- 
treated single   cores  on  the   average   accounted  for  about   57  percent  of  the 

variation,    whereas  the  weighted  cores  accounted  for  about  55  percent  of  the 
variation  and  two-thirds  cores  accounted  for  about  49  percent  of  the  variation. 
Reasons  for  these  differences  between  slash  and  longleaf  are  not  apparent. 
The  reciprocal  of  core  specific  gravity  also  showed  a  minor  decrease  in  the 
correlation  coefficient.     The  one -third  core,   as  in  the  longleaf  pine,   had  the 
lowest  correlation  and  accounted  for  only  36  percent  of  the  variation. 

Table  2.  --Correlation  coefficients,   standard  errors,   and  coefficients  of  determination  for  various  single 
increment  core  and  tree  specific  gravity  relationships 

Longleaf  pine 
Slash  pine 

Relationships 
r 

r2 

Standard 

error 
r 

r2 

Standard error 

Tree  specific  gravity  on: 

Specific  gravity.  Core  No.  1 
Specific  gravity.  Core  No.  2 
Specific  gravity.  Core  No.  3 
Specific  gravity.  Core  No.  4 

Average 

Weighted  specific  gravity.  Core  No. 
Weighted  specific  gravity.  Core  No. 
Weighted  specific  gravity.  Core  No. 
Weighted  specific  gravity.  Core  No. 

Average 

Specific  gravity,  outer  2/3,  Core  No. 
Specific  gravity,  outer  2/3,  Core  No. 
Specific  gravity,  outer  2/3,  Core  No. 
Specific  gravity,  outer  2/3,  Core  No. 

Average 

Specific  gravity,   outer  1/3,  Core  No. 
Specific  gravity,   outer  1/3,  Core  No. 
Specific  gravity,   outer  1/3,  Core  No. 
Specific  gravity,   outer  1/3,  Core  No. 

Average 

  1    ,.. 
Specific  gravity.  Core  No.  1 

0.7316 0.5352 0.024 0.7256 0.5264 0.024 
0.7567 0.5725 0.023 0.7307 0.5339 

0.024 
0.7446 0.5544 0.023 0.7625 

0.5814 0.022 
0.7438 0.5532 0.023 0.8058 0.6493 

0.020 

0.7442 0.5538 0.023 0.7562 0.5718 0.022 

1 0.7958 0.6333 0.021 0.6563 0.4307 
0.026 

2 0.7909 0.6255 0.021 0.7639 0.5835 
0.022 

3 0.8119 
0.6591 

0.020 0.7319 0.5357 
0.024 4 0.7933 0.6293 0.021 0.8342 0.6958 0.019 

0.7980 0.6368 0.021 
0.7466 0.5574 0.023 

1 
0.7811 0.6101 0.022 0,5940 0.3528 0.028 

2 0.7715 0.5952 0.022 0.7116 0.5064 0.024 
3 0.8066 0.6506 0.020 0.6967 0.4853 0.025 
4 0.7558 0.5712 0.023 

0.7977 0.6363 0,021 

0.7788 0.6065 0.022 0.7000 0.4900 
0.024 

1 0.6547 0.4286 
0.026 

0.4805 
0.2308 0.030 

2 0.6090 0.3708 0.027 0.7075 
0.5005 0.024 3 

0.7087 0.5022 
0.024 0.5243 

0,2748 0.030 4 0.6562 0.4306 0.026 0.6938 
0.4814 

0.025 

0.6572 0.4319 0.023 0.6015 0.3618 0.027 

0.7527 0.5665 0.023 0.7208 
0.5196 0.024 



It  should  be  noted  in  table  2  that  within  a  group  of  four  cores  (1  to  4) 
there  is  greater  variation  between  correlation  coefficients  in  the  slash  pine 
groups  than  in  the  longleaf  pine.     In  the  single  untreated  core  group,   for 
example,   where  the   correlation  coefficients  on  the  average  are  comparable 
between  species,  the  longleaf  pine  shows  a  maximum  spread  between  values 
of  0.0251  (between  cores  1  and  2)  whereas  in  slash  pine  the  spread  is  0.0802 
(between   cores  1  and  4).      Although  this  0.0802  appears  to  be   high,    a  test  of 
significance  between  cores  within  this  group  showed  no  statistically  significant 
difference  between  cores. 

In  view  of  the  relatively  slight  variation  in  coefficients   between  cores 
taken  around  the  tree,  it  is  reasonable  to  assume  that  circumferential  position 

has  little  to  no  effect  on  the  relationship.    When  one  considers  extracting  an  in- 
crenaent  core  from  a  tree  for  a  specific  gravity  sample,   a  core  from  the  east 
side  of  a  tree  should  give  results  equivalent  to  a  core  extracted  from  any  other 

position  on  the  circumference  of  the  tree  at  breast  height,    providing  that  ab- 
normal growth  such  as   compression  wood  is  not  present  and  areas  associated 

with  branch  whorls  are  avoided. 

Up  to  this  point,  single  increment  core  sampling  and  the  effects  of  weight- 
ing the  increment   core   and  using  only  a  part  of  the   core   have   been  discussed. 

The  improvements   which  can  be   realized  by  using  more  than  one  increment 
core  as  a  sample   can  be   seen  in  table  3,    where  the   coefficients  of  variation, 

coefficients  of  determination,   and  the  standard  errors  are  listed  for  both  long- 
leaf  and  slash  pine. 

Table  3.  --Correlation  coefficients,   standard  errors,   and  coefficients  of  determination  for  various 
nmltiple  increment  core  and  tree  specific  gravity  relationships 

Longleaf  pine Slash  pine 

Relationships 
r 

r2 

Standard 
error 

r 

r2 

Standard 
error 

Tree  specific  gravity  on: 

Specific  gravity.  Cores  1  +  3 
Specific  gravity.  Cores  1  +  2  +  3 
Specific  gravity.  Cores  1  +  3  +  4 
Specific  gravity.  Cores  1  +  2  +  3  +  4 

Weighted  specific  gravity.  Cores  1  +  3 
Weighted  specific  gravity.  Cores  1  +  2  +  3 
Weighted  specific  gravity.  Cores  1  +  3  +  4 
Weighted  specific  gravity.  Cores  1  +  2  +  3  +  4 

Specific  gravity,  outer  2/3,   Cores  1  +  3 
Specific  gravity,  outer  2/3,   Cores  1+2  +  3 
Specific  gravity,  outer  2/3,   Cores  1  +  3  +  4 
Specific  gravity,  outer  2/3,   Cores  1  +  2  +  3  +  4 

Specific  gravity,  outer  1/3,   Cores  1  +  3 
Specific  gravity,  outer  1/3,   Cores  1  +  2  +  3 
Specific  gravity,  outer  1/3,   Cores  1  +  3  +  4 
Specific  gravity,  outer  1/3,   Cores  1+2+3  +  4 

0.7814 0.6105 0.022 0.8132 0.6613 0,020 
0.7899 0.6239 0.021 0.8178 0.6688 0.020 
0.8014 0.6422 0.021 0.8490 0.7208 0.018 

0.8030 0.6448 
0.021 0.8401 0.7058 0.019 

0.8582 0.7365 
0.018 0.8003 0.6405 0.021 

0.8661 0.7501 0.017 0.8399 0.7054 0.019 

0.8730 0.7621 0.017 0.8736 0.7632 0.017 
0.8783 0.7714 0.017 0.8798 0.7740 0.016 

0,8514 0.7249 0.018 
0.7612 0.5794 0.022 

0.8636 0.7458 0.017 0.8009 0.6414 
0.021 

0.8649 0.7480 0.017 0.8458 
0.7154 0,018 

0.8742 0.7642 
0.017 0.8473 0.7179 0,018 

0.7693 0.5918 0.022 0.6129 
0.3756 0.027 

0.7823 0.6119 0.022 
0.7337 

0.5383 0.024 
0.7853 0.6167 0,021 0.7297 0,5325 0.024 
0.7998 0.6397 0.021 0.7921 0,6274 0.021 



The  effect  of  increasing  sample  size  from  two  to  four  cores  on  these  re- 
lationships is  readily  apparent  within  each  of  the  specific  gravity  groups  listed 

above.     The  correlation  coefficients  consistently  increase  with  increase  in  the 
number  of  cores  used  in  the  sample.    The  improvement  realized  by  taking  more 
than  two  cores  is  rather  small,  and  for  a  number  of  sampling  purposes  two  in- 

crement cores  will  serve  as  well  as  three  or  four  cores.      In  the  longleaf  pine, 
for  instance,   the  largest  improvement  in  total  variation  explained  by  increas- 

ing the  sample  from  two  to  four  cores  was  only  4  percent.    The  standard  errors 
in  each  group  either  remain  the  same  or  change  very  little  with  increase  in  the 
number  of  cores,   so  the  relative  precision  is  affected  but  little. 

Since  the  response  to  change  in  sample  size  is  the  same  for  both  species 
and  all  treatments,    and  the   magnitude   of  change  from,  a  2 -core   sample  to  a 
4 -core   sample   is   small,    the   remainder  of  this   discussion  on  multiple   core 
sampling  will  for  purposes  of  simplification  be  restricted  to  the  2 -core  samples. 

In  the  multiple  core  sampling  groups  of  longleaf  pine,  weighting  the  two 
increment  cores  or  using  only  the  outer  two-thirds  of  the  cores  shows  an  im- 

provement over  the  average  of  two  untreated  increment  cores.  The  magnitude 
of  this  improvement  is  an  increase  of  about  11  percent  in  total  variation  ex- 

plained. This  increase  is  only  slightly  better  than  the  8 -percent  increase  in 
total  variation  explained  when  one  untreated  core  is  compared  to  a  single 
weighted  increment  core. 

When  treatments  are  compared,    the  slash  pine   multiple  core  samples 
reacted  in  the   same  manner  as  the  single   core   samples  did.     Weighting  two 
increment  cores  or  using  only  the  outer  two -thirds  showed  either  no  improve- 

ment or  a  slight  decrease  in  correlation  coefficients.      Use  of  only  the   outer 
one -third  of  two  increment   cores   resulted  in  the  poorest  correlation  for  the 
multiple  core  sampling  groups.    It  should  be  noted  that  the  correlation  coeffi- 

cient  (r  =  0.7693)  for  the  outer  one-third  of  two   increment  cores  of  longleaf 
pine  is  about  equal  to  the  correlations  obtained  for  the  single  unweighted  in- 

crement cores. 

Table  4  shows  a  comparison  of  single  increment   core  relationships  with 
multiple  core  relationships  (the  average  of  two  cores,    1  and  3).     The  correla- 

tions for  the  single  increment  cores  are  the  averages  of  the  four  determinations 
that  were  listed  in  table  1. 

In  the  longleaf  pine  listing  it  can  be  seen  that  very  little  improvement  is 
realized  if  two  cores  are  taken  instead  of  one.   The  increase  in  percent  of  vari- 

ation accounted  for  by  taking  two   cores   amounted  to  about  6  percent  and   is 
equivalent  to  that  obtained  by  taking  one   core   and  weighting  it  or  taking  the 
outer  two-thirds  of  a  single  core.     A  reasonably  good  imiprovement  can  be 
observed,   however,   when  two  weighted  cores  are  compared  to  one  core  only. 
In  this  case  there  is  an  increase  of  18  percent  in  total  variation  explained,  and 
a  reduction  in  the  standard  error  from  0.023  to  0.018.      The  outer  one-third  of 
two  cores  is  equivalent  to  what  one  can  obtain  with  a  single  increment  core  and 
is  certainly  better  than  one  sample  of  a  one -third  core. 



Table  4.  --Correlation  coefficients,  standard  errors,  and  coefficients  of  determination  for  single 
increment  core -tree  specific  gravity  relationships  and  multiple  increment  core -tree  specific 
gravity  relationships 

Longleaf  pine Slash  pine 

Relationships 
r 

r2 

Standard 
error 

r 

r2 

Standard 

error 

Tree  specific  gravity  on: 

Specific  gravity,    1  core 
Weighted  specific  gravity,    1  core 
Specific  gravity,   outer  2/3  of  1  core 
Specific  gravity,   outer  1/3  of  1  core 

Specific  gravity.   Cores  1  +  3 
Weighted  specific  gravity.   Cores  1  +  3 
Specific  gravity,   outer  2/3,   Cores  1  +  3 
Specific  gravity,   outer  1/3,   Cores  1  +  3 

Single  increment  core  sample 

0.7442 0.5538 0.023 0.7562 
0.5718 

0.022 

0.7980 0.6368 0.021 0.7466 0.5574 0.023 0.7788 0.6065 0.022 0.7000 0.4900 0.024 
0.6527 0.4319 0.023 0.6015 0.3618 0.027 

Multipl 
e  increme nt  core  sample 

0.7814 0.6105 0.022 0.8132 
0.6613 0.020 0.8582 0.7365 0.018 0.8003 0.6405 0.021 

0.8536 0.7249 0.018 0.7612 0.5794 0.022 
0.7693 0.5918 

0.022 
0.6129 0.3756 

0.027 

In  the  slash  pine   sample,    there  was  an  increase  in  the  total  explained 
variation  when  two  increment  cores  were  used  instead  of  one.    This  amounted 
to  about  9  percent,   which  was  slightly  higher  than  that  realized  in  the  longleaf 
pine.     Slash  pine  differed  from  longleaf,   in  that  no  improvement  in  the  corre- 

lation coefficient  was  realized  by  weighting  the  two  cores  or  by  taking  the  outer 
two-thirds  of  two  cores.     There  was  also  very  little  change  realized  in  the  re- 

duction of  the  standard  errors.     Regression  equations  for  the  various  simple 
regressions  discussed  are  in  table  8  and  9  of  the  Appendix. 

Multiple  Regression  Analysis 

The  multiple  regression  analysis  in  this  study  was  made  to  see  whether 
or  not  such  factors  as   dbh,    age,    total  height,    dbh/age,    1/age,    volume /age, 
total  height/age,    made  an  improvement  in  the   simple  relationships  of  tree 
specific  gravity  to  the  specific  gravity  of  a  single  increment  core  and  to  the 
average  weighted  specific  gravity  of  two  increment  cores.    Using  the  Forest 
Products   Laboratory  IBM  1620  Regression  Program,   we  made  a  stepwise 
multiple  regression  analysis  using  the   independent  variables  listed  above. 
Multiple  correlation  coefficients  and  standard  errors  for  both  longleaf  and 
slash  pine  for  the  best  two,  three,  and  four  variable  regressions  are  shown 
in  table  5. 

Table  5  shows  only  three  cases  where  the   "best"   regressions  for  the  two 
species  involve  the  same  variables,  and  these  are  in  the  two  variable  regression 
groups.     In  the  case  of  the  unweighted  single   increment  core,   dbh  and  dbh/age 

both  appear  in  the   "best"   regression  for  the  two  species.     In  the  weighted  spe- 
cific gravity  of  two  cores,   dbh/age  appears  in  both  species.     In  all  other  cases 

the  combination  of  variables  differs. 



Table  5.  --Correlation  coefficients,    standard  errors,   and  coefficients  of  determination  for  the  best  two, 
three,   and  four  variable  regressions  for  longleaf  and  slash  pine  tree  specific  gravity  relationships 

Relationships 
Standard 

error 

Longleaf  pine  tree  specific  gravity  on: 

Specific  gravity  of  1  increment  core 
Weighted  specific  gravity  of  2  increment  cores 

0.7442 

0.8582 

0.5538 

0.7365 
0.023 
0.018 

2  variables 

Specific  gravity  of  1  core  +  dbh 

dbh Specific  gravity  of  1  core  + age 

Weighted  specific  gravity  of  2  cores  +  dbh 

Weighted  specific  gravity  of  2  cores  +  ̂ ^ 

Weighted  specific  gravity  of  2  cores  +  ̂ °ag™^ 

3  variables 

0.7984 0.6374 0.021 

0.8009 0.6414 
0.021 

0.8894 0.7910 
0.016 

0.8914 0.7946 0.016 

0.8979 0.8062 0.015 

Specific  gravity  of  Core  No.  1  +  dbh  +  ̂ ^ 

Specific  gravity  of  Core  No.  1  +  ̂ — -  +  age 

Weighted  specific  gravity  of  2  cores  +  -g^  +  g^ 

Weighted  specific  gravity  of  2  cores  +  ̂ "^g^®  +  ̂^^§^ 

0.8141 0.6628 
0.020 

0.8153 0.6647 0.020 

0.9015 0.8127 0.015 

0.9010 0.8118 0.015 

Slash  pine  tree  specific  gravity  on: 

Specific  gravity  of  1  increment  core 
Weighted  specific  gravity  of  2  increment  cores 

0.7562 

0.8003 

0.5718 
0.6405 

0.022 
0.021 

2  variables 

Specific  gravity  of  1  core  +  dbh 

Specific  gravity  of  1  core  +  ̂ ^ 

Weighted  specific  gravity  of  2  cores  + 

Weighted  specific  gravity  of  2  cores  + 

age 

dbh 
age 

0.7653 0.5857 0.022 

0.7696 0.5923 0.022 

0.8208 0.6737 0.020 

0.8316 0.69n 
0.019 

3  variables 

Specific  gravity  of  1  core  +  dbh  +  height 

Specific  gravity  of  1  core  +  ̂ ^  +  ̂^^§^ 

Weighted  specific  gravity  of  2  cores  +  ̂ ^  +  height 

Weighted  specific  gravity  of  2  cores  +  dbh  +  ̂ — — 

4  variables 

0.8083 0.6533 
0.021 

0.8014 0.6422 
0.021 

0.8391 0.7041 0.019 
0.8391 0.7041 

0.019 

Specific  gravity  of  1  core  +  dbh  +  ̂ gg-  +      ̂ ge 

Specific  gravity  of  1  core  +  dbh  +  gge"  +  height 

Weighted  specific  gravity  of  2  cores  +  age  +  ̂°lg^^  +  '^afe^^ 

0.8219 
0.8213 

0.8461 

0.6755 

0.6745 

0.7159 

0.020 

0.020 

0.019 
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In  the  single  unweighted  increment  core  group,  the  addition  of  dbh  or 
dbh/age  to  the   regression  only  increased  the   explained  variation  by  about 
8  percent  in  longleaf  pine  and  about  1  percent  in  slash  pine.  Although  this  may 
not  be  a  great  increase  in  the  total  explained  variation,  it  is  equivalent  to  re  - 
suits  obtained  by  weighting  a  single  increment  core  or  taking  the  outer  two- 
thirds  of  a  single  core  in  the  longleaf  pine.    Slash  pine,  which  showed  little  or 
no  improvement  from  the  weighting  of  single  increment  cores,   did  no  better 
when  other  variables  were  added  to  the  regression  equation.     The  addition  of 
a  third  variable  to  the  equation  added  very  little  improvement,   increasing  the 
total  variation  explained  from  about  64  percent  to  66  percent  for  longleaf  pine, 
and  from  about  59  percent  to  65  percent  for  slash  pine.      In  longleaf  pine,   no 
four  variable  equations  were  listed,    since  no  improvement  was  gained  by  the 
addition  of  a  fourth  variable.      In  slash  pine  the   addition  of  a  fourth  variable 
improves  the  relationship  an  insignificant  amount. 

In  considering  the  improvement  realized  for  the  multiple  core  sample 
(average  of  cores  No.  1  and  No.  3),  the  same  relative  trend  can  be  observed 
by  the  addition  of  2,    3,   or  4  variables  into  the  multiple  regression  equation. 

In  longleaf  pine,  the  improvement  in  reduction  of  the  total  unexplained  varia- 
tion realized  by  the  use  of  three  independent  variables  in  the  equations  over  a 

simple  weighted  average  of  two  increment   cores  is  only  7  percent.     In  slash 

pine  the  same  improvement  (7  percent)  is  realized  in  the  "best"  four  variable 
regressions.     The  multiple  regression  equations  for  each  of  the  relationships 
discussed  above  are  shown  in  tables  8  and  9  of  the  Appendix. 

SUMMARY  AND  CONCLUSIONS 

The  data  have  shown  that  for  longleaf  pine  some  improvement  in  the  re- 
lationship between  tree  specific  gravity  and  increment  core  specific  gravity 

can  be  realized  by  various  treatments  such  as  weighting  segments  of  an  incre- 
ment core  by  the  cross  sectional  area  they  represent  or  by  taking  only  the 

outer  two -thirds  of  an  increment  as  an  estimator  of  tree  gravity.  These  treat- 
ments, however,  make  only  rather  minor  improvement  in  the  relationships 

and  the  precision  of  estimating  tree  specific  gravity  from  an  increment  core. 

A  comparison  of  multiple  core  sampling  with  single  core  sampling  shows 
that  two  cores  give  little  better  results  than  one.   However,  if  the  two  cores  are 

weighted  or  only  the  outer  two -thirds  of  two  cores  are  used  as  an  estimator, 
considerable  improvement  in  the  relationship  and  precision  is  realized  over  a 
single  untreated  increment  core.      In  longleaf  pine,    the  single   increment  core 

explains  only  55  percent  of  the  variation,  and  the  standard  error  about  the  re- 
gression line  is  0.023,   whereas  the  average  of  two  two -thirds  cores  accounts 

for  about  73  percent  of  the  variation  and  has  a  standard  error  of  0.018.   Taking 
more  than  two  increment  cores,  that  is,  three  or  four  cores  as  a  sample,  adds 

very  little  to  the  improvement  of  the  relationship  or  the  precision  of  the  esti- 
mator and  certainly  will  not  justify  the  additional  cost  or  time. 



Slash  pine  did  not  respond  to  treatments  in  the  same  manner  as  the  long- 
leaf  pine.     Weighting  or  taking  only  two-thirds   of  the   core  showed  extremely 
small  improvement  in  the  relationship  or  none  at  all.     There  is  no  reason  for 
the   difference  which  occurs  here   except  that  attributed  to  species.     When 
multiple  samples  were  extracted  from  slash  pine,   an  additional  9  percent  of 
the  variation  could  be  accounted  for  when  a  one  core  sample  is  compared  with 
a  two  core  sample.    This  response  is  similar  to  that  in  the  longleaf  pine  when 
multiple  core  samples  are  compared  to  a  single  core. 

In  the  multiple   regression  analysis,  the  addition  of  such  independent 
variables  as  diameter  at  breast  height,  total  height,    age,   volunae,   and  their 
various  other  functions  showed  that  some  improvement  can  be  realized  by  in- 

cluding them  in  the  analysis.   In  longleaf  pine,  for  instance,  a  single,  untreated 
core   accounts  for  only  55  percent  of  the  variation,    whereas   including  dbh  or 
dbh/age   in  the  regression,   increases  the  percent  of  explained  variation  to  64, 
or  about  9  percent.      The  best  three  variable  regressions  only  account  for  66 
percent  of  the  variation.     In  the  slash  pine  multiple  regressions  there  was  an 
extremely  minor  improvement  in  the  relationship  with  two  variables,    and  only 
about  a  10  percent  increase  in  the  total  amount  of  variation  explained  with  the 
best  4  variable  regression  equations.     The  improvement  realized  by  incorpo- 

rating these  various  tree  parameters  into  the  predicting  equation  is  equivalent 
to  results  obtained  with  a  single  weighted  core,   or  the  outer  two-thirds  core, 
or  with  multiple  core  sampling. 

The  multiple  regressions  with  the  multiple  core  sample  as  one  of  the  in- 
dependent variables   also   showed  very  little   improvement  over  two  weighted 

increment  cores   in  both   species.      The   longleaf  pine   multivariate   equations 
which  contained  the  specific  gravity  of  the  weighted  core  samples  as  one  of  the 
variables  accounted  for  the  greatest  amount  of  the  variation.     In  this  case  two 
equations  each  explained  as  high  as  81  percent  of  the  variation. 

All  of  the  sampling  schemes  analyzed  in  this  study  should  be  considered 
on  the  basis  of  the  precision  they  offer  and  simplicity  with  which  the  sample 
can  be  taken,    as  well  as  the  facilities  one  has  for  computation.     A  single  un- 

treated core,    for  instance,    is  reasonably  well  correlated  with  tree    specific 
gravity,   but  the  precision  with  which  one  could  predict  the  gravity  of  an  indi- 

vidual tree   is  rather  low.      A  single   core  would,    therefore,    not  be  the  most 
desirable   estimator  to  use  when  one  wishes  to  predict  gravities  of  individual 
trees.     On  the  other  hand,   it  could  be  used  where  large  samples  of  a  large 
population  are  being  taken  for  the  purpose  of  predicting  the  average  gravity 
for  the  population. 

When  precision  is  desired,  the  best  prediction  equation  would  result  from 

a  multiple  regression  analysis  of  a  weighted  multiple  core  sample  and  the  var- 
ious tree  parameters  mentioned  earlier.     Table  6  is  a  summary  of  1,  2,  3,  and 

4  variable   prediction  equations   in  the  order  of  their  relative  precision.     Only 
2 -core   multiple   sampling  is   considered  in  this   listing  because  of  the  minor 
improvements  realized  by  more  than  two  cores. 
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Table  6.  --Regression  equations  for  predicting  tree  specific  gravity  of  longleaf  and  slash  pine, and  their  correlation  coefficients  and  standard  errors 

Regression  equations 

Longleaf  pine 

Y  =  0.11702  +  0.77480(sp.  gr. ,    weighted,    2  cores)  -  0.08644(— )    +  0.37664(— ) 

Y  =  0.10722  +  0.79072(sp.  gr 

Y  =  0.10900  +  0.75893(sp.  gr 

Y  =  0.10234  +  0.76658(sp.  gr 

Y  =  0.31782  +  0.51456(sp.  gr 

Y  =  0.32008  +  0.44953(sp.  gr 

Y  -  0.16439  +  0.66280(sp.  gr 

Y  =  0.15398  +  0.67815(sp.  gr 

Y  =  0.20267  +  0.60073(sp.  gr 

Y  =  0.16733  +  0.63747(sp.  gr 

Y  =  0.78381  -  0.13717( 
sp.   gr 

Y  =  0.26501  +  0.48587  (sp.  gr 

Y  =  0.23242  +  0.52690(sp.  gr 

age 

weighted,    2  cores)  -  0.03507  (^°^"™^) 
age 

weighted,   2  cores) 

outer  2/3  of  2  cores) 

1  core)  -  0.11028(^^)  -  0.00104(age) 

age  ^ 
1  core)  -  0.09238  (^^) age 

weighted,    1  core) 

outer  2/3  of  1  core) 

2  cores) 

outer  1/3  of  2  cores) 

-) 

age 

. ,    1  core 

,    1  core  ) 

,   outer  1/3  of  1  core) 

Standaid 
error 

0.9015  0.8127 

0.8979  0.8062 

0.8582  0.7365 

0.8514  0.7249 

0,8153  0.6647 

0.8009  0.6414 

0.7958  0.6333 

0.7811  0.6101 

0.7814  0.6105 

0.7693  0.5918 

0.7527  0.5665 

0.7316  0.5352 

0.6547  0.4286 

0.015 

0.015 

0.018 

0.018 

0.020 

0.021 

0.021 

0.022 

0.022 

0.022 

0.023 

0.024 

0.026 

Slash  pine 

Y=  0.16613+  0.69693(sp.  gr.,    weighted,    2  cores)  -   1.07870(-^) 

.  0.03492  (^^^IHEL^)  +  0.01544  (il^iSht  
^^e age  age 

Y  =  0.16810  +  0.73824(sp.  gr. ,    weighted,    2  cores)  -  0.00240(dbh)  -  0.66557( 

Y  =  0.12634  +  0.76934(sp.  gr. ,    weighted,    2  cores)  -  0.07029(-^) age 

Y  =  0.13575  +  0.73268(sp.  gr. ,    2  cores) 

Y  =  0.20893  +  0.57112(sp.  gr. ,    2  cores)  -  0.00659(dbh)  +  0.001  34  (total  height) 

Y  =  0.08386  +  0.80213(sp.  gr. ,    weighted,    2  cores) 

Y  =  0.26401  +  O.554260sp.  gr. ,    1  core)  -  0.07957  (—) 
age 

Y  =  0.11113  +  0.74875(sp.  gr. ,    outer  2/3  of  2  cores) 

Y  =  0.22410  +  0.57789(sp.  gr.,    1  core) 

1 

age) 

Y  =  0.83868  -  0.16224(- 
sp.  gr. ,  1  core 

Y=  0.22108+  0.56652(sp.  gr.,  weighted,    1  core) 

Y  =  0.22966  +  0.52798(sp.  gr.  ,  outer  1/3  of  2  cores) 

Y  =  0.25483  +  0.50348(sp.  gr.,  outer  2/3  of  1  core) 

Y  =  0.34111  +  0.34103  (sp.  gr.,  outer  1/3  of  1  core) 

0.8461  0.7159 

0.8391  0.7041 

0.8316  0.6916 

0.8132  0.6613 

0.8083  0.6533 

0.8003  0.6405 

0.7696  0.5923 

0.7612  0.5794 

0.7256  0.5265 

0.7208  0.5195 

0.6563  0.4307 

0.6129  0.3756 

0.5940  0.3528 

0.4805  0.2308 

0.019 

0.019 

0.019 

0.C20 

0.021 

0.021 

0.022 

0.022 

0.024 

0.024 0.026 

0.027 

0.028 

0.030 
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APPENDIX 

1.     Bolt  volume  was  computed  by  the  following  formula: 

V  =   (d.i.b.)2   X   0.0054542  x  length  in  feet 

2.     Specific  gravity  of  each  disk  was  computed  by  the  following  formula: 

ovendry  weight  of  disk 
Disk  specific  gravity  = displaced  volume  of  disk 

3.     Increment  core  specific  gravity  was  computed  with  the  following  formula: 

Increment  core  specific  gravity  =  ovendry  weight 

(grams)  -=- 
(core  diameter)     x   0.7854  x  core  length  (inches) 

0.061 



Table  7.  --Data  on  sample  trees 

Location Stajid 

type 

Trees 
sampled 

Tree 
age 

class 

Diameter  breast  height Merchantable  height Total  height 

in 

Georgia Mean 

Mini- 

mum 

Maxi- 

mum Mean 

Mini- 

mum 

Maxi- 

mum Mean 

Mini- 

mum 

Maxi- 

mum 

Number Years            Inches                  -  -  -  Feet     Feet   

LONGLEAF  PINE 

Ware 
County 

Second 

growth 
45 

7-45 9.8 4.6 
15.6 41.6 17.3 62.4 

58.1 
28.3 

80.4 

Brooks       Second 

County     growth 21-31        8.3  4.3  12.2        41.6  15.6         60.1        55.1  32.9         69.1 

SLASH  PINE 

15 

Ware  Second 

County  growth 

Brooks  Second 

County  growth 43 

14-50         9.3  5.1  15.9         44.1  16.8  65.8         59.3  32.8  78.8 

9-38        8.3  5.5  12.7        43.9  20.7         58.8        54.7  29.8         69.5 

Table  8. -Linear  regression  equations  and  best  multiple  regression  equations 
for  estimating  tree  specific  gravity  of  longleaf  pine 

Regression  equations 
Correlation 
coefficient 

Standard 
error 

Y  =  0.26501  +  0.48587  (sp.  gr. 

Y  =  0.16439  +  0.66280  (sp.  gr. 

Y  =  0.15398  +  0.67815  (sp.  gr. 

Y  =  0.23242  +  0.52690  (sp.  gr. 

Y  =  0.20267  +  0.60073  (sp.  gr. 

Y  =  0.10900  +  0.75893  (sp.  gr. 

Y  =  0.10234  +  0.76658  (sp.  gr. 

Y  =  0.16733  +  0.63747  (sp.  gr. 

Y  =  0.78381  -  0.13717 C 

1  variable 

,   1  core) 

,  weighted,    1  core) 

,   outer  2/3  of  1  core) 

,   outer  1/3  of  1  core) 

,    2  cores) 

,   weighted,   2  cores) 

,   outer  2/3  of  2  cores) 

,   outer  1/3  of  2  cores) 

) 
sp.  gr. ,    1  core 

Y  =  0.32008  +  0.44953  (sp.  gr 

Y  =  0.26105  +  0.56416  (sp.  gr 

Y  =  0.10722  +  0.79072  (sp.  gr. 

Y  =  0.16508  +  0.70551  (sp.  gr. 

Y  =  0.11105  +  0.80348  (sp.  gr. 

Y  =  0.31782  +  0.51456  (sp.  gr. 

Y  =  0.31465  +  0.50816  (sp.  gr. 

Y  =  0.11702  +  0.77480  (sp.  gr. 

Y  =  0.13254  +  0.76377  (sp.  gr. 

2  variables 

,    1  core)  -  0.09238  (|||) 

,    1  core)  -  0.00415  (dbh) 

,   weighted,    2  cores)  -  0.03507  (^^^|f^) 

,   weighted,    2  cores)  -  0.06956(111) 

,   weighted,    2  cores)  -  0.00290  (dbh) 

3  variables 

,    1  core)  -  0.11028  (|||)  -  0.00104  (age) 

,    1  core)  -  0.00472  (dbh)  -  0.41900  (^ig) 

,   weighted,    2  cores)  -  0.08644  (||^)  +  0.37664  (g^g) 

,   weighted,    2  cores)  -  0.03105  (^^^^i^)  -  0.00507  (^i^) 

0.7316 
0.024 

0.7958 0.021 

0.7811 
0.022 

0.6547 0.026 

0.7814 0.022 

0.8582 
0.018 

0.8514 
0.018 

0.7693 
0.022 

0.7527 0,023 

0.8009 0.021 

0.7984 0.021 

0.8979 
0.015 

0.8914 0.016 

0.8894 
0.016 

0.8153 

0.8141 

0.9015 

0.9010 

0.020 

0.020 

0.015 

0.015 



Table  9.  --Linear  regression  equations  and  best  multiple  regression  equations 
for  estimating  tree  specific  gravity  of  slash  pine 

Regression  equations 
Coefficient 
of  variation 

Standard 

error 

Y  =  0. 

Y  =  0 

Y  =  0 

Y  =  0, 

Y  =  0, 

Y  =  0 

Y  =  0 

Y  =  0 

Y  =  0 

1  variable 

22410  +  0,57789  (sp.  gr. .  1  core) 

22108  +  0.56652  (sp.  gr. ,  weighted,    1  core) 

25483  +  0.50348  (sp.  gr.  ,  outer  2/3  of  1  core) 

34111  +  0.34103  (sp.  gr.  ,  outer  1/3  of  1  core) 

13575  +  0.73268  (sp.  gr. ,  2  cores) 

08386  +  0.8021 3  (sp.  gr. ,  weighted,   2  cores) 

11113  +  0.74875  (sp.  gr. ,  outer  2/3  of  2  cores) 

22966  +  0.52798  (sp.  gr. ,  outer  1/3  of  2  cores) 

83868  -  0.16224 C 
sp.  gr. ,    1  core 

2  variables 

,dbh> .26401  +  0.55426  (sp.  gr.  ,    1  core)  -  0.07957  (^) dge 

12634  +  0.76934  (sp.  gr. .   weighted,    2  cores)  -  0.07029  (||^) 

Y  =  0 

Y  =  0.21894  +  0.63964  (sp.  gr. ,  1  core)  -  0.00323  (dbh) 

Y  =  0 

Y  =  0 
13588  +  0.74391  (sp.  gr. ,   weighted,    2  cores)  -  0.47210  (g^) 

3  variables 

Y  =  0.20893  +  0.57112  (sp.  gr. ,    1  core)  -  0.00659  (dbh)  +  0.00134  (total  height) 

Y  =  0. 

Y  =  0. 

.22712  +  0.58832  (sp.  gr. ,    1  core)  -  0.16022(^1^)  +  0.02050  (^^'fi^) dge  dge 

,dbh, 

Y  =  0, 

Y  =  0, 

Y  =  0, 

Y  =  0, 

,13339  +  0.72069  (sp.  gr. ,   weighted,    2  cores)  -  0.08094  (^g^) 

+  0.00042  (total  height) 

16810  +  0.73824  (sp.  gr. ,   weighted,    2  cores)  -  0.00240  (dbh)  -  0.66557  (-^) 
age 

4  variables 

29382  +  0,55937  (sp.  gr. ,    1  core)  -  0.00569  (dbh)  -  1. 36050  (^)  +  0.02031  (^^^^) 

25913  +  0.53568  (sp.  gr. ,    1  core)  -  0.00674  (dbh)  -  0.43496  (g^) 

+  0.00113  (total  height) 

16613  +  0.69693  (sp.  gr. ,   weighted,   2  cores)  -  1.07870  (^)  -  0.03492  (^°^g^^) 

+  0.01544  (^) 

0.7256 
0.024 

0.6563 0.026 

0.5940 0.028 

0,4805 0.030 

0.8132 0.020 

0.8003 0.021 

0.7612 0.022 

0.6129 0.027 

0.7208 
0.024 

0.7696 
0.022 

0.7653 0.022 

0.8316 0.019 

0.8208 0.020 

0.8083 

0.8014 

0.8391 

0.8391 

0.8219 

0.8213 

0.8461 

0,021 

0.021 

0.019 

0.019 

0.020 

0.020 

0.019 
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Rainfall  Interception  bij  Hardwood  Forest  Litter 

in  the  Southern  Appalachians 

by 

J.  D.  Hehey 

The  portion  of  rainfall  over  forest  cover  which  does  not  reach  mineral 
soil  can  be  separated  into  the  parts  evaporated  from  the  canopy  and  from  the 
litter.     Canopy  interception  loss  is  usually  estimated  by  subtracting  the  sum 
of  throughfall  (water  falling  through  tree  crowns)  and  stemflow  (water  running 
down  stems)  from  rainfall  measured  in  forest  openings   (Hamilton  and  Rowe 
1949).    Litter  interception  loss  is  defined  here  as  the  volume  of  water  retained 

by  the   L   and  F   layers  of  the  forest  floor  and  later  evaporated  without  reach- 
ing mineral  soil.      Canopy  interception  has  been  investigated   in  many  parts  of 

the   world,   but  litter  interception  has   received  little   attention,    and  the  total 
amount  of  water  evaporated  from  litter  in  hardwood  forests  has  never  been 
accurately  determined.     This  paper  presents  results  from  a  study  of  rainfall 
intercepted  by  litter  in  a  southern  Appalachian  hardwood  stand. 

The  maximum  field  water  content  of  litter  and  the  rate  of  drying  affects 
the  amount  of  interception  loss.  Reported  maximum  field  water  content  of 
litter  varies  from  135  percent  in  mixed  hardwoods  (Blow  1955)  to  215  percent 
in  pine  (Metz  1958).  After  being  wetted  by  rainfall,  litter  dries  to  a  constant 

weight  unless  rainfall  interrupts  drying.  The  time  required  to  dry  from  satu- 
ration to  a  constant  weight  has  been  reported  as  11  days  for  pine  (Metz  1958) 

and  13  to  20  days  for  mixed  oaks  (Blow  1955;   Semago  1960). 

The  volume  of  water  evaporated  varies  with  litter  accumulation,   which 
in  turn  depends  on  the  balance  between  litter  production  and  decomposition. 
Reported  litter  production  in  hardwood  stands  in  Eastern  United  States  ranges 
from  2,400  to  4,400  pounds  per  acre   (Blow  1955;   Chandler  1941;   Metz  1954; 
Sims  1932).!/    At  Coweeta,   from  2,800  to  3,600  pounds  of  litter  are  added  to 
the  forest  floor  each  year  (Kovner  1955).      Litter  accumulation  varies  with 
species,   local  climate,   elevation,    and  biological   activity   (Blow  1955;   Jenny 
et  al.  1949;   Shanks  and  Olson  1961).     The  weight  of  litter  accumulation  varies 
not  only  between  stands,   but  from  year  to  year  within  the   same   stand,    and 

during  unusual  years  decomposition  may  exceed  production.   Litter  accumula- 
tions in  eastern  Tennessee  ranged  from  4,000  to  24,000  pounds  per  acre,   de- 

pending on  stand  composition  and  history  (Blow  1955).      Metz  (1954)  found  that 
litter  accumulated  under  mixed  hardwoods   in  the   South  Carolina  Piedmont 

varied  from  6,500  to  12,000  pounds  per  acre  just  prior  to  leaf  fall.   At  Coweeta, 

J/  Ovendry  weights. 



litter  accumulation,  following  a  controlled  burn,  reached  a  peak  of  14,000 pounds 
per  acre  after  5  years,  then  decreased  to  5,400  pounds  per  acre  during  the  next 
4  years. ^ 

Estimated  annual  litter  interception  loss,    in  percent  of  total  rainfall, 
varies  from  2  percent  in  Tennessee  (Blow  1955),    and  13  percent  in  Missouri 
(Semago  1960),   to  34  percent  in  Wisconsin  (Curtis  1960).     This  wide  range  is 
attributable  partly  to  variations  in  climatic  and  litter  accumulation,  but  experi- 

mental design  and  methodology  may  also  be  important  factors.      For  example, 
data  from  litter  trays  are  subject  to  errors  arising  from  unnatural  drainage  at 
the  interface  between  the  litter  and  the  material  on  which  it  is  placed.     In  the 
Wisconsin  study,  litter  trays  were  in  the  open  where  all  evaporative  processes 
were  undoubtedly  exaggerated.    This  may  account  partly  for  the  high  intercep- 

tion losses  reported  there. 

METHODS 

A  7 -acre  watershed  at  the  Coweeta  Hydrologic  Laboratory  near  Franklin, 
North  Carolina,   was  selected  for  study  because  accurate  data  on  crown  inter- 

ception loss   was   available.      The   cove   hardwood  stand,    type  57    (Society  of 
American  Foresters  1954),    is  composed  chiefly  of  a  yellow -poplar,   hickory, 
and  scarlet   oak  overstory  and  a  scattered  dogwood  understory.      The   area 
studied  ranges   in  elevation  from   3,030  to  3,185  feet   and  receives   about  80 
inches  of  precipitation  annually.      Rainfall,   which   accounts  for  98  percent  of 
total  precipitation,    is  evenly  distributed  throughout  the  year.     Precipitation 
data  were   obtained  from  a  standard   and  recording  rain  gage   located  in  the 
study  area.     Rainfall  was  corrected  for  canopy  interception  loss  by  results  of 
the   earlier  intensive   study  of  throughfall  and   stemflow  in  the   same   stand 
(Black  1957).      No  cutting  or  other  disturbance   has  been  made   in  the    stand 

since  Black's  study  was  completed. 

The  watershed  was   gridded  into  44 -foot -square  plots  and  divided  into 
4  blocks  representing  2  elevations  and  2  general  aspects  within  each  elevation 
(fig.  1).    The  forest  floor  was  sampled  to  provide  data  on  maximum  field  water 
content, -3/  moisture  depletion  rates,  and  the  effect  of  rainfall  on  litter  moisture. 
All   samples   were   used  to  estimate   litter   accumulation   and   depletion   over  a 
period  of  18  months. 

To  determine  maximum  field  water  content,    reflective  aluminum  covers, 
each  3  feet  square,   were  placed  within  three  randomly  selected  plots  in  each 
block  immediately  after  storms   large  enough  to  saturate  the  litter.     After  a 
large  rain,   water  gradually  moves  from  the  litter  layer  into  mineral  soil.     If 
samples  are  collected  immediately  following  the  rain  to  establish  maximum 
field  water  content,   the  results  will  be  too  large,    because  part  of  the  litter 
moisture  would  have   drained   into  the  soil  under  natural  conditions.     On  the 
other  hand,    if  the  samples   are  not   collected  until  drainage   stops,   the  litter 
moisture  will  be  reduced  by  evaporation.    By  covering  the  samples,  evapora- 

2/  Unpublished  data  in  Coweeta  files. 
^  Defined  here  as  the  amount  of  nnoisture  held  in  the  litter  after  it  has  been  saturated  by  natural 

rainfall,  covered  to  prevent  evaporation,  and  allowed  to  drain  until  it  has  reached  an  equilibrium  moisture 
content. 
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tion  is  prevented,  excess  water  drains 
into  the  soil,  and  the  measured  water 
content    only    includes    the    moisture 
potentially  available  for  evaporation. 
After  draining  24  hours,    a  period  of 
time  found  to  be  sufficient  for  excess 

water  to  drain,  a  2 -foot-square  sample 
was  collected  from  under  each  cover. 

The  samples  were  put  into  plastic  bags 
to  prevent  water  loss  before  weighing. 

Branches  larger  than  \  inch  in  diam- 
eter were  not  included  in  the  samples 

because  they  gain  and  lose  water  much 
slower  than  leaves  (Blow  1955). 

For  data  on  moisture  depletion 
characteristics,  three  samples  were 
collected    from    randomly    selected 
plots   in  each  block  during  several 

drying  cycles.   The  sampling  sched- 
ule was  not  rigid,   but  samples  were 

usually  collected  6  hours,    30  hours, 
2  days,    5  days,    and  10  days  after 
a  rain. 

Figure  1.  --The  experimental  watershed 
showing  sampling  design. 

To  establish  maximum  field  water  content,    reflective  aluminum  covers 
prevented  evaporation  while  excess  water  drained  into  the  soil. 



Each  2 -foot -square  litter  sample  was 
collected  in  a  plastic  bag  to  prevent 
water  loss  before  weighing. 

To  determine  the  effect  of  rainfall  on  litter   moisture,    three  samples  in 
each  block  were  covered  after  a  known  amount  of  rainfall  had  reached  the  for- 

est floor.    After  draining  24  hours,  the  samples  were  collected.    Litter  mois- 
ture content  before  each  rain  sampled  was  approximately  40  percent. 

After  establishing  field  weight,  all  samples  were  dried  to  a  constant  weight 

at  105°  C.      Moisture  content  was  expressed  as  percent  of  ovendry  weight. 

After  measuring  field  weight,  all 
samples  were  dried  to  a  constant 

weight  at  105°  C. 



RESULTS  AND  DISCUSSION 

The  amount  of  water  evaporated  from  litter  is  controlled  basically  by  the 
moisture  content  of  litter,   wind  speed  and  duration,   and  heat   delivered  to  the 
forest  floor.   Since  the  heat  delivery  and  the  effect  of  wind  are  difficult  to  esti- 

mate, an  attempt  has  been  made  to  separate  litter  interception  loss  into  meas- 
urable  components.      Thus  the  parameters   needed  to  estimate  the    amount  of 

rainfall  evaporated  are  (1)  the  amount  of  litter  on  the  forest  floor,    (2)  the  rate 
at  which  moisture   increases  during  rainfall,    and  (3)  the  rate  litter  dries  after 

rainfall  stops.    Figures  2  through  4,  constructed  from  the  data  collected,  rep- 
resent these  interception  parameters. 

Ovendry  litter  weights  were  quite  variable  on  a  given  day.    The  average 
ovendry  weight  for  all  groups  of  12  samples  collected  was  237  grams,   and  the 
average  standard  deviation  for  all  groups  was  49  grams.      The  variation  was 
greater  during  the   winter  months  when  the  leaves  were  blown  from  place  to 
place.     The  coefficient  of  variation  averaged   0.20  for  all  groups  of  samples 
collected.     Litter  weights   were  not  significantly  different  between  the  small 
ranges   in  elevations  or  aspects.      Therefore,   plotted  points  in  figure  2  are 
means  of  12  samples,  except  that  when  more  than  one  group  of  samples  was 

collected  within  a  7 -day  period,  the  groups  were  averaged  and  plotted  as  one 
observation. 

Litter  production,   estimated  as  the  difference  between  total  amounts  on 
the  forest  floor  before  and  after  leaf  fall,   was  3,300  and  2,800  pounds  per  acre 
for  1961  and  1962,   respectively.     Litter  decomposition  was  more  rapid  during 
1961,    and  since  rainfall  during  1961  totaled  88  inches  as  opposed  to  68  inches 
during  1962,  the  difference  in  decomposition  rates  and  litter  production  may  be 
related  to  rainfall  differences.     Frequent  and  heavy  rainfall  keeps  forest  litter 
packed  down  and  favors  vigorous  biological  decomposition.   For  example,  Jenny 
et  al.  (1949)  found  that  decomposition  of  alfalfa  was  faster  in  humid  climates. 
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Figure  2.  --The  trend  of  ovendry  weight  of  litter  per  acre  in  a 
hardwood  forest  stand  from  June  1961  through  December  1962. 



The  maximum  field  water  content  of  the  litter  during  summer  and  winter 
averaged  215  percent  by  weight.    The  rate  at  which  the  litter  dried  did  not  differ 
significantly  between  elevation  or   aspect,   but  there   was  a  marked   difference 
between  seasons  (fig.  3),    The  curves  were  composited  from  several  individual 

drying  cycles  representing  all  seasons  of  the  year.     Greatest  moisture  evapo- 
ration occurred  during  the   first  3  days  of  drying,    and  early  drying  was  much 

faster  during  the  dormant  season.      During  the  growing  season,   shading,   high 
humidity,  and  low  wind  velocity  near  the  forest  floor  limited  evaporation  during 
early  drying,   but  after  about  12  rainless  days,    moisture  loss   virtually  ended, 
regardless  of  season  or  initial  moisture  content. 

Approximately  1  inch  of  throughfall  was  necessary  to  raise  the  litter 
moisture   content  from  40  percent  to  maximum  field  water   content  (fig.  4). 
Plotted  points  represent  average  moisture  contents  of  litter  after  a  known 
amount  of  rainfall  reached  the  forest  floor. 

Moisture  evaporation  after  each  storm  is  small.   For  example,  assuming 
a  litter  cover  of   3.7  tons  per  acre   (maximum   accumulation  during  1962),   the 
litter  could  only  hold  0.070  inch  of  water  at  maximum  field  water  content.   After 
drying  to  40  percent  moisture,    it   still  holds  0.013  inch  of  water.     Therefore, 
after  a  large  storm  only  0.057  inch  of  water  is  evaporated  from  the  litter. 
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Figure  3.  --The  relationship  between  hardwood  litter  moisture  content  and  time  since 
wetting  for  the  dormant  and  growing  seasons. 
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Figure  4.  --Moisture  buildup  in  litter  plotted  against  rainfall  reaching  the  forest  floor. 

To  arrive  at  a  preliminary  estimate  of  average  annual  litter  interception 

loss,   monthly  rainfall  was  averaged  over  a  15 -year  period,   and  then  applied 
to  the  litter  accumulations  during  1962  and  the  measured  moisture  relations  of 
litter.     Some  assumptions  had  to  be  made  in  order  to  arrive  at  this  estimate. 
It  was   assumed  that  (1)  storms  were  evenly  distributed  through  the   month, 
(2) the  litter  moisture  content  just  before  each  storm  was  40 percent  of  ovendry 
weight,   and  (3)  the   litter  accumulation  during  1962  was   average   at   Coweeta. 
The  estimated  average  litter  interception  loss  (3.6  inches)tends  to  be  too  large, 
because   computed  drying  times   are   almost   ideal  for  maximum  evaporation, 

average  rainfall  cancels  out  large  and  small  storms  that  add  little  to  intercep- 
tion loss,   and  the  moisture  content  of  litter  is  not  always  at  40  percent  before 

each  rain.     This  estimate,    although  not  exact,    serves  to  fix  an  upper  limit  for 

average  annual  litter  interception  loss  at  Coweeta.     During  a  12 -month  period, 
it  could  conceivably  equal  or  even  exceed  the  3.6 -inch  estimate  if  there  were 
numerous  small  storms,   each  followed  by  3  or  4  days  of  fair  weather. 

It  was  possible  to  compute  litter  interception  loss  more  accurately  for 
1962.     Rainfall  measured  in  the  open  was   corrected  for  canopy  interception 
loss  and  storms  were  separated  to  the  nearest  hour.    Moisture  contents  at  the 
beginning  and  end  of  each  drying  cycle  were  determined  from  figures  3  and  4. 
For  each  drying  period,   the  difference  between  starting   and  ending  moisture 
contents  was  multiplied  by  the  current  litter  accumulation  (fig.  2)  to  give  water 
evaporated  in  pounds  per  acre.      Evaporation  during  all  drying  periods  during 
the  year  was  totaled  and  converted  to  area  inches  of  water. 
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Figure  5.  --Litter  interception  loss  by  months.     Note  that  monthly  interception  loss  is 
greatest  during  the  winter  months. 

Computed  litter  interception  loss  during  1962  was  2.2  inches  of  water. 
It  is  noteworthy  that  the   monthly  evaporation  (fig.  5)  was  usually  greatest 
during  the  dormant  season  when  evaporative  processes  are  generally  thought 
to  be  minimum.     The  leafless  condition  of  hardwood  trees  in  winter,   offering 
little  interference  to  solar  radiation  and  wind  movement,   combined  with  max- 

imum litter  accumulations,   probably  accounts  for  this  difference.     Estimated 

annual  canopy  interception  loss  was  10.2  inches,  and  thus  water  reaching  min- 
eral soil  was  55.8  inches,   or  82  percent  of  total  rainfall  measured  in  a  forest 

opening.     Litter  interception  loss   during  1962  was  probably  below  average  at 

Coweeta,   because  both  rainfall  and  number  of  storms  was  below  the  30-year 
average. 

Since  estimated  litter  interception  loss  from  rainfall  records  (3.6  inches) 

appears  above  average,  and  that  observed  during  1962  (2.2  inches)  appears  be- 
low average,  the  annual  litter  interception  loss  at  Coweeta  should  approximate 

3  inches,  ranging  from  2  to  4  inches.    Thus,  about  3  percent  of  the  annual  rain- 
fall in  the  humid  southern  Appalachians  is  evaporated  from  litter,   a  result  only 

slightly  higher  than  Blow's  (1955)  estimate  of  2  percent  for  upland  hardwoods 
in  eastern  Tennessee. 

There  is  a  need  for  more  information  on  the  amount  of  rainfall  evaporated 
from  the  forest  floor.      Several  estimates  which  have   appeared  in  the  meager 
literature  on  this  subject  appear  too  high,  but  there  is  no  doubt  that  forest  litter 
prevents   some   rainfall  from  adding  effectively  to  soil  moisture   recharge  and 
streamflow. 
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SUMMARY:  Field  spray  tests  were  conducted  from 
1959  to  1961  in  north  Florida  to  evaluate  the  effectiveness 
of  hydraulic  spray  applications  of  BHC,  Guthion,  and  DDT 
for  the  control  of  coneworms,  Dioryctria  spp.  ,  and  the  slash 
pine  seedworm,  Laspeyresia  anaranjada.  Slash  pines  up  to 
40  feet  in  total  height  were  protected  from  coneworm  attack 
with  BHC  (4  lbs.  gamma  isomer/ 100  gal.  water)  or  Guthion 
(1.5  lbs./ 100  gal.  water).  DDT  (4  lbs. /1 00  gal.  water)  did  not 
give  satisfactory  protection  from  coneworms.  Of  the  three 
tested,  Guthion  was  the  only  insecticide  which  controlled 
the  seedworm.  A  spray  schedule  is  given  for  the  control  of 
coneworms  and  the  seedworm  on  slash  pine  in  north  Florida. 

Within  the  past  decade  in  the  South,   large  programs  for  the  reforestation 

of  idle  and  cut -over  forest  lands  and  the  increased  popularity  of  direct  seeding 
have   resulted  in  an  unprecedented  need  for  large   amounts  of  pine   seed.     The 
tremendous  expansion  in  forest  tree  improvement  through  genetics  research  has 
increased  the  demands  for  genetically  superior  seed.     As  of  June  1963,   a  total 

of  4,674  acres  of  improved  natural  pine  seed-production  stands  had  been  estab- 
lished on  Federal,   State,  and  private  lands  in  11  southern  states.    An  additional 

3,360  acres  of  pine  seed  orchards  have  been  planted  to  produce  the  high  quality 
seed  of  the  future.  1/     It  is  not  unusual  in  slash  pine   seed  production  areas  for 
insects  to  partially  damage   or  completely  destroy  from  50  to  70  percent  of  a 
cone  crop,   or  30  to  50  percent  of  the  seed  crop.     If  such  areas  are  to  produce 
a  continuous,   dependable  supply  of  superior  seed,  they  must  be  protected  from 
the  ravages  of  insects  which  directly  or  indirectly  destroy  the  seeds. 

1/  Seed  production  stand  and  seed  orchard  acreage  data  were  obtained  from  U.  S.  Forest  Service, 
Region  8,   Division  of  State  and  Private  Forestry,   Atlanta,    Georgia. 



The  results  of  field  experiments  on  the  chemical  control  of  insects  affect- 
ing slash  pine,   Pinus   elliottii  Engelm. ,    seed  production  are  presented.     The 

studies  were  conducted  on  the  Olustee  Experimental  Forest  in  northeast  Florida 
from  1959  through  1961.      The  insecticides  used  were  selected  on  the  basis  of 
their  promising  performance  in  laboratory  screening  tests  (Merkel  1962)  and 
exploratory  field  tests. 

Because  coneworms  do  the   most  damage,    chemical  control  in  these 
studies  was  directed  primarily  against  three  coneworms,  Dioryctria  abietella 
(D.  &  S.  ),    D.   amatella  (Hulst),   and   D.   clarioralis  (Walker).      In  an  attempt 
at  simultaneous  control,   we  included  studies  of  the  seedworm,   Laspeyresia 
anaranjada  Miller. 

MATERIALS  AND  METHODS 

Coneworms 

The  studies  were  conducted  in  an  old  field  containing  scattered,  open- 
grown,  naturally  seeded  slash  pines.  The  trees  averaged  15  years  old,  40  feet 
tall,   and  9.6  inches  d.b.h. 

All  insecticides  were  applied  with  a  Myers   "Silver  Cloud"  hydraulic 
sprayer  operated  at  a  pump  pressure  of  600  p.s.i.     Spray  was  delivered  through 
a  John  Bean,  adjustable,  trigger-type  spray  gun  fitted  with  a  No.  14  disc  nozzle- 
orifice.     Insecticides  were  applied  as  whole-tree  treatments  in  all  tests.     The 
spray  was  applied  until  it  started  to  run  off  the  needles  and  cones;  this  amounted 
to  an  average  dosage  of  8  gallons  of  spray  per  tree.     All  sprays  were  prepared 
from  commercially  available  emulsifiable  concentrates  and  no  spreaders  or 
stickers  were  added.  2/     Sprays  were  applied  at  dawn  or  sunset  to  minimize 
spray  drift  and  contamination  of  unsprayed  study  trees. 

The  design  of  the  1959  and  1960  studies  consisted  of  seven  randomized 
complete  blocks  of  four  trees  (treatments)  per  block.     In  1961   a  completely 
randomized  design  containing  31  trees  was  used  because  analysis  of  variance 
of  cone  infestation  data  from  the  previous  2  years  showed  that  blocks  did  not 
contribute  significantly  to  total  variance. 

Prior  to  the  first  spray  application  in  each  of  the  field  tests,   20  sample 
branches  bearing  first-  and  second-year  cones  were  selected  randomly  on  each 
tree.     After  tagging  and  numbering  each  sample  branch,    we  made  a  careful 
examination  and  count  of  sound  cones  and  those  infested  by  the  Dioryctria  cone- 
worm.    Cone  infestation  tallies  were  made  at  irregular  intervals  on  the  sprayed 
and  unsprayed  check  trees  throughout  the  summer  to  follow  the  trend  of  cone- 
worm  attacks. 

In  order  to  evaluate  over -all  effectiveness  of  different  spray  treatments, 
a  final  check  of  cone  worm  infestation  was  made  when  mature  cones  were  col- 

lected in  September.     The  effectiveness  of  the  different  insecticides  and  spray 

2/  The  author  acknowledges  the  assistance  of  the  Chemagro  Corporation,    Kansas  City,   Missouri, 
for  supplying  the  Guthion  used  in  these  studies. 



schedules  for  the  control  of  coneworms  was  based  on  an  analysis  of  variance 
of  the  cumulative  percent  cones  infested  during  the  period  from  just  prior  to 
the  first  spray  application  to  the  time  of  cone  harvest  in  mid -September. 

Data  on  percent  first-  and  second-year  cones  infested  by  coneworms 
were  transformed  to  arcsin  y  percent  for  analysis  of  variance.     Duncan's 
multiple -range  test  (Duncan  1955)  was  used  to  detect  significant  differences between  treatment  means. 

Seedworms 

The  effect  of  treatments  on  seedworm  (Laspeyresia)  control  was  based 
on  the  percent  mature  cones  infested  with  mature  larvae  overwintering  in  the 
cone  axes. 

Data  on  percent  second -year  cones  infested  by  the  seedworm  were  trans- 
formed to  arcsin  y  percent  for  analysis  of  variance.     As  in  the  case  of  cone- 

worm  tests,    Duncan's  multiple -range  test  (Diincan  1955)  was  used  to  detect 
significant  differences  between  treatment  means. 

STUDY  RESULTS 

Dioryctria  spp. --Coneworms 

Detailed  information  on  the  life  histories  and  habits  of  the  three  cone- 
worm  species  present  in  the  study  area  was  not  available  when  this  series  of 
tests  was  started  in  1959.     However,  we  did  know  that  all  of  the  coneworm 
species  produced  at  least  two  complete  generations  a  year.    We  also  knew  that 
all  species   did  not  depend  solely  on  cones  for  their  principal  source  of  food. 
During  the  winter  and  early  spring,  coneworms  are  found  boring  in  the  vegeta- 

tive and  reproductive  buds  of  both  slash  and  longleaf  pines,  Pinus  palustris 
Mill. ,  and  a  little  later  in  the  flowers  themselves.   From  late  February  through 
April,   coneworms  are  more  common  in  shoots  and  first -year  cones.     In  late 
April,  when  second-year  cones  are  starting  to  grow  rapidly,  coneworm  attacks 
increase  and  usually  continue  until  late  August,  when  cones  are  nearly  mature. 

Our  data  also  show  that  the  relative  abundance  of  any  given  coneworm 
species  not  only  varies  throughout  the  year  on  a  given  pine  species,  but  there 
are  also  great  differences  in  the  relative  abundance  of  coneworms  between 
pine  species.      Thus,  the  fluctuation  in  populations   of  the  various  coneworm 

species  presents  a  challenging  problem  in  the  placement  and  timing  of  insecti- 
cide applications. 

The  effectiveness  of  different  spray  schedules  and  insecticides  on  cone- 
worm control  are  summarized  in  table  1.     It  was  not  possible  to  determine  the 

effectiveness  of  each  spray  application  within  a  given  schedule  because  cone 
infestation  was  not  evaluated  specifically  before  and  after  each  spray. 

The  initial  experiment  in  1959  (table  1)  was  designed  to  evaluate  the 
effectiveness   of  a  spray  schedule  A_,    consisting  of  arbitrary  dates  of  spray 
application,   i.  e. ,   every  other  month.      The  arbitrary  or  systematic  spray 



schedule  A  was  to  be  compared  with  spray  schedule  B,  in  which  dates  of  appli- 
cation were  timed  with  periods  when  incidence  of  coneworms   were  known  or 

suspected  of  being  high  in  first-  or   second -year  cones.      The  differences  in 
spray  dates  between  schedules  A  and  B  had  little  effect  on  the  degree  of  cone- 
worm  control.     (Although  spray  schedule  C  consisted  of  two  biologically-timed 
sprays  designed  to  control  the  seedworm,   L.  anaranjada,  results  are  included 
because  of  the  good  coneworm  control  that  was  obtained. ) 

Table  1.  --Effectiveness  of  different  hydraulic  spray  schedules  in  controlling  coneworms  and  seedworms 
on  slash  pine  cones,  Olustee,   Florida,    1959  to  1961 

Insecticide 
and 

Concentration 

by  weight  of 
active  toxicant 

Sprays  applied 

Control  of 

Dioryctria  s 

pp. 

Control  of 
L.   anaranjada 

Year First-year 

Sec 
ond-year Second-year 

cones cones cones 

Percent Schedules  and  dates -  - Percent -  -                          Percent 

1959 

BHC 0.5 A 

.,    2/24; 
4/25;  6/26;  8/24             100** 

85**                            0 

BHC 0.5 B .    2/24; 4/7;  5/29;  6/26 

92** 

82**                            0 

BHC 
0.5 

C .    5/4; 
5/19 

92** 

79**                            0 

1960 

BHC 0.5 D ,    2/20; 
4/22;  6/15;  8/16             100** 

96**                            0 

BHC 0.5 E ,    3/30; 6/1;  7/30 

100** 

88**                             0 

BHC 0.5 £ 
_.    4/11; 

4/22;  5/6;   5/13 
6/1        73** 

92**                              0 

1961 

BHC 0.5 G 

_.    4/28; 5/29 

94* 
99** 

Guthion 0.2 H ,    4/24; 5/4;  5/16 — 89**                          99** 

Guthion 0.2 ^ 
4/24; 

5/4;  5/29 

100* 

95**                          98** 

DDT 0.5 

3_ 

4/24; 
5/4;  5/16 57 20                              13 

*  Treatments  better  than  the  check  at  the  5-percent  level. 
**  Treatments  better  than  the  check  at  the  1 -percent  level. 

In  1960  the  arbitrary  spray   schedule  D  was   repeated  as  in  1959.     The 

biologically -timed  schedule  E  was  reduced  to  three  sprays  in  1960  because  of 
the  good  performance   of  only  two   sprays  (schedule  C)  in  1959.      (The  frequent 
spray  applications  in  schedule  F  in  1960  are  discussed  under  seedworm  control.) 
The  results  of  the  1960  test  showed  that  three   spray  applications  gave  as  good 
coneworm  control  as  four  applications. 

The  1961  tests  were  designed  to  evaluate  the  effectiveness  of  only  two 

BHC  sprays  (spray  schedule  G)  applied  when  coneworm  attacks  on  first-   and 
second-year  cones  normally  increase  rapidly.   Spray  schedule  G  gave  protec- 

tion of  second -year  cones  comparable  to  that  obtained  the  previous  2  years. 



Spray  schedules   H,   1,    and  J  were  designed  to  evaluate  the  control  of 
Guthion  and  DDT  against  both  coneworms  and  seedworms  with  a  rather  close 
interval  of  time  between  three  spray  applications.   Both  Guthion  spray  sched- 

ules gave  good   control  of  coneworms  on  maturing  cones;   but  effectiveness  of 
protection  of  first -year  cones  was  evaluated  only  in  schedule  I. 

DDT  gave  moderate  control  of  coneworms  on  first -year  cones,  and  very 
poor  control  on  second -year  cones.     Similar  results  were  obtained   with  DDT 
in  earlier  exploratory  field  tests.     We  have  not  determined  the  reason  for  the 

differential  effect  of  DDT  in  protecting  first-  and  second -year  cones. 

Laspeyresia  spp. --Seedworms 

Two  species  of  seedworm,  Laspeyresia  anaranjada  Miller,  and  L.  ingens 
Heinrich,    infest   second -year  slash  pine  cones   in  northeast  Florida,     The 
slash  pine  cones   in  the   study  area  contained  virtually  a  pure  population  of 
L.  anaranjada;    however,    this  fact  was   not   established  definitely  until  after 
completion  of  rearings  from  1959-crop  cones  in  late  May  1960. 

L.  anaranjada  infests  second -year  cones  only  and  has  only  one  generation 
per  year.   The  complete  life  cycle  from  egg  to  adult  runs  from  May  of  one  year 
to  May  of  the  following  year  in  north  Florida.    The  insect  hibernates  as  a  mature 
larva  in  the  cone  axis  during  the  winter. 

The  eggs  are  laid  on  the  surface  of  cone  scales  during  the  first  3  weeks 
of  May  and  they  hatch  within  a  few  days  after  being  laid.      The  newly  hatched 
seedworms  wander  over  the  cone  surface  for  several  hours  before  boring  in. 
Once  the  larvae  enter  the  cones,   they  are  safe  from  contact  with  any  residual 
or  contact   insecticide.      Therefore,   the  effectiveness  of  chemical  control  of 
this  seedworm  depends  on  the  moths  and  larvae  contacting,   or  being  contacted 
by,    insecticides  between  the  time  of  egg  laying  and  larval  entry  into  the  cones. 

Timing  of  insecticide  applications  is  a  more  critical  factor  for  control  of 
seedworms  than  for  the  control  of  coneworms.    However,  more  applications  are 
needed  to  control  coneworms  because  they  develop  multiple  generations  annually. 

It  should  be  noted  that  spray  schedules  C,   F,   H,    I,   and  J  for  coneworm 
control   in  table    1  were  also  evaluated  for  their  effectiveness   in  controlling 
seedworms.     The  two  BHC  sprays  for  seedworm  control  in  1959  (schedule  C  ) 
were  applied  at  the  beginning  and  peak  of  the  oviposition  and  egg  hatch  period 
of  L.  anaranjada  but  they  failed  to  give  control  of  the  seedworm.     The  number 
of  BHC  applications  was  increased  to  five  in  1960  (schedule  F  ),   with  the  idea 
of  controlling  both  L.  anaranjada  and  another  seedworm,  L.  ingens,  sometimes 

encountered  in  slash  pine  cones.      Moth  rearings  from  1959-crop  cones  in  late 
May  1960  revealed  that  a  pure  population  of  L .  anaranjada  was  present.   Thus, 
the  April  and  June  spray  applications,  which  had  been  added  to  control  L.  ingens, 
were  not  necessary.   These  extra  applications  of  BHC  in  1960  failed  to  have  any 

effect  on  L.  anaranjada.    Good  control  of  L.  anaranjada  with  Guthion  in  explor- 
atory tests  led  to  the  use  of  this  insecticide  in  the  1961  experiment  (schedules  H 

and  J_).    Both  these  Guthion  spray  schedules  gave  excellent  seedworm  control,  99 
and  98  percent,   respectively.     DDT  was  included  in  the  1961  study  (schedule  J) 
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Inherent    Variation    Among    Slash    Pine    Progenies 

at   the    Ida    Cason    Callaway    Foundation 

by 

John  
C.  Barber 

INTRODUCTION 

The  South  has  only  recently  recognized  the  importance  of  improving  the 
genetic  quality  of  the  tree   seed  used  in  its  vast  nursery  and  direct  seeding 
programs.      In  1960  forest  planting  and  direct  seeding  amounted  to  nearly 
1.6  million  acres  in  11  Southeastern  and  Southern  States  (U.  S.  Forest  Service 
1960).     An  estimated  300,000  pounds  of  tree  seed  were  used  in  this  region  for 
that  year. 

These  figures  indicate  the  tremendous  importance  of  the  genetic  quality 
of  the  seed  used,   and  emphasize  the  opportunity  to  make  immediate  use  of  any 
seed  from  genetically  improved  sources.     At  present  most  of  the  seed  are  ob- 

tained by  purchase  from  individual  collectors  and  as  a  rule  there  is  no  control 
over  the  choice  of  parent  trees.   Only  in  recent  years  has  serious  consideration 
been  given  to  the   geographic   source   of  seed.     The   last  decade  has   seen  the 
development  of  intensive  programs  of  forest  genetic  and  tree   improvement 
research  throughout  the  country,   and  simultaneously,   a  degree  of  recognition 
of  the  importance   of  seed  source,    both  geographically  and  individually  by 
parent  tree.      This  same   concern  for  the  individual  parent  has  also  achieved 
more  recognition  from  the  silvicultural  standpoint  in  providing  the  seed  source 
for  natural  regeneration.     Silvicultural  marking  rules  will  be   improved  and 
refined  as  the  results  of  the   many  studies  in  forest  tree  genetics  become 
available  and  the  heritabilities  of  the  more  important  traits  are  known. 

Early  in  tree  improvement  programs  an  important  basic  decision  has  to 
be  made.   The  question  is  whether  to  proceed  along  a  line  of  research  and  trial, 
withholding  any  large  scale  application  of  genetic  principles  until  proof  of  their 
application  to  forest  trees  is  obtained,    or  to  assume  that  basic  principles  of 
heredity  will  apply  to  forest  trees  as  to  other  studied  plants  and  animals,   and 
to  begin  an  action  program  simultaneously  with  research  and  accept  the  risk 
of  making  wrong  decisions.     A  few  have   adhered  to  the  first  line  of  thought 
(Forest   Genetics  Research  Foundation  1958,   pp.  24-25),    but  most  workers 
have  taken  the  latter  course  and  have  begun  the  development  of  seed  orchards, 
seed  production  areas,    and  breeding  programs  designed  to  take  advantage  of 
any  known  information  and  to  fill  gaps  in  our  knowledge  with  the  best  approxi- 

mations which  can  be  drawn  from  related  work. 



The  Ida  Cason  Callaway  Foundation,    Pine  Moiontain,    Georgia,   began  a 
tree  improvement  project  in  1949.      This  project  was  planned  and  established 
with  the  cooperation  of  the  Southeastern  Forest  Experiment  Station.   The  open- 

ing paragraphs  of  the  "Statement  of  Policy  for  Tree  Improvement  Project  under 
Ida  Cason  Callaway  Foundation"   prepared  by  Keith  W.  Dorman,   December  20, 
1950,1/   outline  the  purposes  of  the  project. 

"The  objective  of  the  tree   improvement  project  established  in  1949  is  to 
make  available  in  west  central  Georgia  improved  types  of  forest  trees  for  com- 

mercial planting.    This  region  is  principally  forest  and,  with  the  development  of 
a  much  more  active  market,  forest  products  have  become  a  very  important  fac- 

tor in  the  local  economy.      People  are  growing  timber  as  a  crop,    and  they  have 
become  interested  in  improving  returns  by  scientific  means.      In  other  fields  of 
agriculture,   one  method  of  increasing  yields  that  has  been  universally  success- 

ful is  to  isolate  or  create  plants  of  better  inherent  quality  and  get  them  into  com- 
mercial use.     This  is  what  the  project  hopes  to  accomplish, 

"The  tree  improvement  work  under  the  Ida  Cason  Callaway  Foundation 
will  not  be  a  research  project  except  in  an  applied  sense.   It  will  proceed  upon 
the  assumption  that  it  is  possible  to  improve  forest  trees  by  using  standard 
plant  breeding  methods.      It  will  be  necessary  to  demonstrate  that  strains  or 
hybrids  are  superior  to  ordinary  stock  and  how  much  so,   and  this  objective 
should  be  paramount  in  planning  progeny  tests.     Performance  of  the  offspring 

will  be  the  sole  criterion  for  evaluating  genetic  quality  of  the  parent  stock." 

A  graduate  forester  was  employed  by  the  Foundation  in  1950  and  began 
work  under  the  general  supervision  of  the  Southeastern  Forest   Experiment 
Station.   Initial  work  involved  the  selection  of  superior  and  aberrant  phenotypes 
of  the  four  major  species  of  southern  pine:    slash  (Pinus  elliottii  Engelm. ), 
loblolly  (Pinus  taeda  L. ),   shortleaf  (Pinus  echinata  Mill. ),    and  longleaf  (Pinus 
palustris  Mill. ).     Collections  of  cones  were  made  from  these  trees  and  seed 
obtained  for  the  establishment  of  open-pollinated  progeny  tests  of  each  species. 
Seedlings  were   grown  for  1  year  in  a  small  nursery  established  and  operated 
by  the  Foundation.     In  addition  to  the  seedlings  for  progeny  tests,  the  nursery 
also  grew  several  hundred  thousand  seedlings  for  routine  planting  on  the 
Foundation  property. 

A  total  of  45  plantings   involving  1,405  plots   was   made  by  the  project 
through  1957.      These  plantings  contained  mostly  open -pollinated  seedlings  the 
first  few  years,  with  progenies  from  inter-  and  intraspecific  crosses  becoming 
a  considerable  part  of  the  program  in  1955,    1956,   and  1957. 

The  project  was  staffed  with  a  graduate  forester  through  1955.     The  gen- 
eral enaphasis  of  the  Foundation  changed  at  that  time  and  the  data  collection  and 

analysis  aspects  of  the  tree  improvement  work  were  turned  over  to  the  South- 
eastern Forest  Experiment  Station.      The  Foundation  assists  in  the  program  by 

continued  maintenance  of  the  test  plantations  and  selected  trees.   Other  assist- 
ance is  provided  as  personnel  and  facilities  permit.      The  Foundation  is  con- 

U  On  file.  Southeastern  Forest  Experiment  Station,   Macon,  Georgia. 



tinuing  its  development  of  seed  orchards  established  from  seedling  progenies 
of  the  selected  trees  which  appear  to  be  best,  based  on  the  performance  of  the 
progenies  in  the  test  plantations. 

When  the  Foundation  project  got  underway  in  1950,  there  was  little  avail- 
able information  on  the  progeny  testing  of  individual  forest  trees.     There  had 

been  few  tests  established  in  this   country  or  elsewhere   and  there  were  few 
references  in  the  literature  which  dealt  with  them,  especially  references  con- 

sidering the  statistical  aspects  of  design  and  analysis.      Even  today  there  is  a 
noticeable  lack  of  agreement  among  tree  breeders  and  forest  geneticists  on 
methodology  and  design.      The  designs  chosen  were  based  primarily  on  the 
judgment  of  the  individuals  involved. 

This  paper  closely  examines  a  portion  of  the  Foundation's  progeny  tests 
to  determine  the  performance  of  several  progenies  and  to  decide  which  infor- 

mation from  these  tests  will  help  in  designing  better  future  tests.     Tests  of 
slash  pine  were  selected  because  they  contained  more  progeny  groups  than  any 
of  the  other  species,   because  the  parent  trees  were  of  more  uniform  age,   and 
because  many  had  grown  in  the  same  plantation.    Slash  pine  is  not  native  in  the 
area  of  the  Foundation  properties. 

The  literature  available  to  the  forest  geneticist  contains  a  great  amount 
of  information  on  plant  breeding,  theoretical  genetics,  and  statistical  techniques 
and  theory.     The  crux  of  the  situation  is  the  lack  of  fundamental  information 
about  forest  trees.     Forest  genetics  research  on  a  significant  scale  is  rather 
recent.     This  fact,   coupled  with  the  complex  physiological -environmental  re- 

lationships of  tree  growth  and  the  long  generation  time,  means  that  appreciable 
genetic  information  and  comparisons  of  breeding  methods  will  not  be  available 
for  many  years.  In  the  meantime,  full  advantage  must  be  taken  of  all  informa- 

tion as  it  becomes  available. 

Work  is  underway  at  a  number  of  installations --Federal,  State,  and  pri- 
vate--to  answer  many  of  the  pressing  questions  of  critical  importance  to  the 

establishment  of  well  designed  breeding  programs  with  forest  trees.   The  nor- 
mal generation  time  for  trees   is  much  longer  than  for  agronomic  plants,   and 

crop  maturity  may  take  from  30  to  120  years.   Tests  of  the  Callaway  Foundation 
are  among  the   oldest  large-scale  trials  of  open -pollinated  progenies   in  the 
South.   They  offered  an  opportunity  to  study  the  performance  of  progeny  groups 
up  to  8  years  of  age,  and  included  parent  trees  with  a  range  of  characteristics. 
The  open -pollinated  tests  discussed  in  this  paper  contribute  to  the  great  mass 
of  information  needed  before  adequate  breeding  programs  can  be  designed. 

Material  and  Methods 

In  the  phenotypic  selection  of  forest  trees  the  most  difficult  problem  is 
to  establish  a  basis  of  comparison  for  different  trees.  The  individual  is  usually 
compared  with  other  individuals  in  the  immediate  vicinity  in  the  same  stand,  of 

comparable  age,  competitive  status,  etc.  (Cech  1959).  There  are  serious  short- 
comings in  evaluating  a  selection  in  relation  to  its  surrounding  trees  because  it 

is  difficult  to  determine  past  stand  history  and  the  variations  in  soil,   available 



moisture,   and  competition  of  roots   and  crown.     When  attempts   are  made  to 
compare   selections  from  different   stands,    or  even  different  portions   of  the 
same  stand,  this  difficulty  is  compounded  because  it  is  impossible  to  estimate 

site  quality  precisely  and  also  because  the  assumptions  about  the  genetic  con- 
stitution of  the  stand  must  be  accepted  with  less  confidence. 

The  slash  pine  tests  of  the  Foundation  contain  progenies  from  a  number 

of  trees   selected  in  a  15 -year -old  plantation  on  the  property  of  the   late  Mr. 
Cason  J.   Callaway  (fig.  1).     This  plantation  was  made  with  nursery  stock  pro- 

vided by  the  State  of  Georgia  in  1935-36.    The  seed  source  is  not  known  exactly, 
but  the  records  of  the  Georgia  Forestry  Commission  show  that  the  seed  used  in 
their  nurseries  to  produce  seedlings  for  that  planting  season  came  from   CCC 
collections  in  the  state.  ̂      This  plantation  was  on  abandoned  agricultural  land 
at  a  spacing  of  approximately  15  by  15  feet. 

i^#^^ 
Figure  1 . --Seventy-one  percent  of  the  trees  in  this  15-year-old  slash  pine 

plantation  were  infected  with  southern  fusiform  rust  when  selections  were 
made  in  1949  and  1950. 

2l  Unpublished  information  on  file  with  Georgia  Forestry  Commission,   Macon,  Georgia. 



In  1949,   there  was  little  information  available  to  guide  the  establishment 
of  selection  criteria.     Trees  were  selected  which  appeared  desirable  for  many 
traits,  and  others  were  picked  which  had  only  one  or  two  good  traits  (figures  2 
and  3).     Selections  were  made  to  include  a  broad  range  of  growth  (table  1)  and 
crown  and   stem  form.      At  the  time  of  the  initial  selection  of  individual  trees, 

the  stand  had  not  been  thinned,  but  it  showed  evidence  of  severe  attack  by  fusi- 
form rust  [Cronartium  fusiforme  (A.  &  K.  )  Hedge.  &  Hunt].     Dorman  reported 

that  71  percent  of  the  trees   in  the  plantation  had  stem  cankers  of  the  rust,  ̂  

and  mortality  from  rust  left  irregular  stocking  in  the  plantation,  putting  it  be- 
low desirable   levels  in  many  spots.      The  high  infection  rate  made  it  possible 

to  select  trees  with  a  high  probability  of  resistance  to  the  disease,   though  the 
fact  that  infections  on  the  branches  of  trees  might  have  been  undetected  because 
of  natural  pruning  reduced  the   confidence   one   might  have  in  such  selections. 
Examination  in  1959  revealed  that  several  trees  apparently  free  of  rust  when 
selected  now  have  cankers.   These  infections  have  occurred  in  the  upper  crown 
and  were  either  small  and  undetected  at  the  time  of  selection  or  have  developed 
since  the  work  began  in  1950. 

Table  1.  --Slash  pine  parent  trees  selected 

for  the  Callaway  Foundation,  1950 

Tree 

number 

Age 
Total 
height 

Years Feet 

D.b.h. 

1/ 

Inches 

C-4 

15 

48 

13.6 

C-6 

15 

44 
14.4 

C-7 

15 

59 

10.7 

C-10 

15 49 
13.2 

C-37 

15 

54 

12.7 

C-50 15 

56 

8.7 
C-51 

15 

57 

10.0 

C-54 

15 

66 

10.0 

C-56 

15 

50 

10.2 
C-58 

15 

59 

11.8 

C-59 

15 

57 

10.8 

C-60 

15 

57 

11.1 

C-61 

15 

52 

9.2 
C-62 

15 

57 

10.0 

C-63 

15 

51 
11.2 

C-65 

15 48 
10.5 

C-134 

15 

59 

11.2 

1/  Diameter  at  breast  height. 

Figure  2. --Parent  tree  C-37  selected 
for  good  form  and  rapid  growth  rate. 
The  progeny  of  this  tree  are  among 
those  most  resistant  to  fusiform  rust. 
(Photo  at  age  20.) 

^  "Tree  Selection  and  Breeding  under  Ida  Cason  Callaway  Foundation,"  November  1950. 
(Unpublished  report  on  file  at  Southeastern  Forest  Experiment  Station,   Macon,  Gfeorgia. ) 



Figure  3.  --A,  Parent  tree  C-50  selected  for  rapid  height  growth  and  small  branch 
diameter.  Note  the  contrast  of  its  branches  with  the  tree  on  the  left.  (Photo  at 

age  23.)  B,  Parent  tree  C-6  selected  for  rapid  diameter  growth,  average  form, 
smd  average  height.     (Photo  at  age  20.) 

The  figures  on  rust  infection  reported  by  Dorman  show  that  most  of  the 
trees  surrounding  any  selection  were  infected  with  rust;   thus,    we  can  safely 
assume  that  a  large  portion  of  the  pollen  that  fell  upon  the  female  strobili  of 
the   selected  trees   came  from  trees   susceptible  to  rust.     Quite  possibly  the 
amount  of  pollen  from  rust-susceptible  trees  may  have  varied  according  to  the 
location  of  the  selected  individual  and  may  have  varied  from  year  to  year  ac- 

cording to  variations  in  climatic  factors.   The  plantation  has  been  thinned  twice 
since  1950,    and  it  is  now  impossible  to  determine  the   original  occurrence  of 
rust -infected  trees  in  relation  to  the  selected  trees. 

Beginning  in  the  spring  of  1952,  tests  of  open -pollinated  progenies  were 
established   in  the  field.      The  number  of  progenies   in  the  individual  studies 
varied  according  to  availability  of  seedlings  and  the  expressed  purpose  of  the 
test  (table  2).      Each  year,   new  collections  of  open -pollinated  seed  were  made 
from  the  selected  parents;  thus,  the  different  tests  may  reflect  chance  differ- 

ences in  pollination  associated  with  a  particular  season.     The  primary  objec- 
tives of  these  tests  were  to  evaluate  the  various  parent  trees  for  characters  of 

economic  importance  and  for  their  abilities  to  transmit  these  characteristics 
to  their  progenies.      Sonae  trees  with  undesirable  traits  were  included  to  study 
the  heritability  of  these  characteristics  along  with  those  which  are  desirable, 
and  to  provide  demonstrative  proof  that  they  are  or  are  not  transmitted  from 
parent  to  progeny. 

' 



Table  2. --Studies  established  for  the  progeny  testing  of  slash  pine  selections  (1952-1955)  and  data  collected 

Study- number 
Planted Lots 

Replica- tions 

Trees  per 

plot 

Height D.b.h. 
Fusiform 

rust 
Crown 
width 

Pruning 

height Other defects 

102 

103 

Year 

1952 

1953 

19 

21 

Number 

104 1953 5 3 

105 1954 20 4 

106 1954 
12 

4 

107 1954 12 4 

108 1954 
12 

3 

109 1955 
12 

4 

110 1955 12 
4 

111 1955 
12 

4 

112 1955 4 2 

- 
-  100 

1. 
2. 

3, 4, 

-  -  Age 

in  years 
after  planting 

10 

6,  8 3.  6 

3 

6, 

8 

25 

1. 

2. 5, 

3, 

7 
4 

5,  7 

2,  5 
4,  5 

25 5 5 5 5 

25 

1, 
2, 

3, 
4, 

- 4 4 

25 

1, 
3, 

4 - 4 4 

25 

1, 3. 

4 - 4 4 

25 

1. 3. 

4 - 4 4 

25 

2, 

3 - 3 3 

25 

2. 

3 - 3 3 

25 

2. 

3 - 3 3 

25 

2, 

3 - - - 

In  addition  to  the  open -pollinated  progenies  from  the  selected  trees 
(designated  by  "C"  before  the  number),  most  studies  included  several  "control" 
lots  of  seedlings.      Lots  identified  as   "control  seedlings"  were  obtained  from 
normal  public  distribution  of  planting  stock.     The  exact  geographic  source  of 
the  seed  is  unknown,  though  we  can  be  reasonably  sure  that  they  were  collected 

within  the  State  of  Georgia.      Lots  identified  as   "control  seed"  were  grown  in 
the  Foundation  nursery  from  seed  of  known  geographic  origin  obtained  through 

commercial  channels.    Lots  identified  as  "Callaway"  or  "CJC"  were  seedlings 
produced  from  seed  collected  by  the  Callaway  Foundation  for  their  routine 
planting.     These  seed  were  collected  only  from  dominant  or  codominant  rust 
free  trees,    but  the  pollen  source  was  uncontrolled.     The  seed  came  from 
planted  stands,  though  not  necessarily  from  those  in  which  the  selected  trees 

were  located.     All  "controls"  represent  different  seed  lots  and  parentage 
each  year. 

Two  mixed  lots  of  seed  used  the  first  2  years  were  obtained  from  the  U.  S. 
Forest  Service,   Southern  Forest  Experiment  Station,  New  Orleans,   Louisiana. 
One  of  these  came  from  Southern  Mississippi,  the  other,  a  mixed  lot,  was  from 
storage  in  New  Orleans  and  the  exact  geographic  origin  was  unknown.    In  co- 

operation with  other  research  groups,  progenies  were  included  in  the  tests  from 

selected  trees  in  plantations  near  Auburn,  Alabama  (designated  by  "A"  before 
the  number),  and  from  Australia  (designated  by  "CA"  or  "CB"  before  the  num- 

ber).    These  progenies  were  also  grown  in  the  Foundation  nursery. 

The  seedlings  were  grown  as  1-0  stock,  lifted,  culled  for  fusiform  rust, 
small  size,  or  injury,  then  transferred  directly  to  the  field  and  plsinted  by  hsind 



in  scalped  spots.     The  progeny  groups  were  not  graded  for  size  of  seedling 
other  than  culling.     Average  heights  for  each  progeny  group  were  determined 
in  the  nursery  bed  but  do  not  lend  themselves  to  analysis  because  of  the  absence 
of  replication. 

The  planting  site  was  an  abandoned  field  with  varying  degrees  of  soil 
erosion  and  vegetative  cover  (fig.  4).   Topsoil  had  been  removed  from  a  portion 
of  the  area  for  use  in  landscaping,  and  apparently  this  removal  has  complicated 
the  analysis  of  the  data.     In  order  to  minimize  the  risk  of  loss  from  fire,  the 
block  locations  of  studies  established  in  1952  and  1953  were  widely  separated 
in  the  field.   This  separation  was  easily  justifiable  in  view  of  the  high  flamma- 

bility  of  the  "old -field"  type  fuels  on  the  area.    Fortunately,   no  fires  have  oc- 
curred.  The  only  serious  damage  has  been  attributed  to  a  tornado  which  struck 

parts  of  two  studies  and  caused  some  windthrow,  breakage,   and  mortality.     A 
few  trees  were  overthrown  by  snow  but  their  importance  is  negligible. 

Seedlings  were  planted  at  10-  by  10 -foot  spacing.     Such  spacing  permits 
growth  to  pulpwood  size  without  thinning  and  also  permits  a  free  expression  of 
crown  form  for  8  to  10  years.      Height  measurements  were  taken  soon  after 
planting  and  were  continued  annually  on  all  studies  until  1955.     Since  that  time 
height  measurements  have  been  taken  intermittently.   Diameter  at  breast  height 
measurements  were  begun  when  plantings  reached  their  fifth  year  in  the  field. 
Measurements  of  crown  width,   pruning  height,   and  tallies  of  rust  infection  and 
other  defects  were  made  (table  2). 

All  studies  were  established  in  randomized  block  designs  with  two,  three, 
or  four  replications.     Study  102  contains  plots   of  varying  sizes.     The  other 
studies,   with  occasional  exceptions,   contain  25  trees  per  plot.    The  number  of 
trees  available  for  analysis  at  each  age  varies   according  to  initial  mortality 
after  planting  and  according  to  losses  in  subsequent  growing  seasons.     These 
latter  losses  are  primarily  from  fusiform  rust,  with  only  minor  losses  to  other 
miscellaneous  causes. 

Analyses  of  variance  were  used  for  examining  data,  such  as  height,  d.b.h. , 
crown  width,    pruning  height,   rust  infection,   and  other  defects.      Multiple  range 
tests  were  used  to  test  differences  among  individual  lots  (Duncan  1955).     Per- 

cent data  were  transformed  before  analysis.     Simple  correlations  were  deter- 
mined for  certain  characteristics  of  the  progenies,   and  regression  was  used 

for  the  relationships  of  progenies  to  parents  and  the  relationships  among  dif- 
ferent progeny  groups  from  the  same  parent  trees.     Although  the  data  were 

limited  in  quantity  and  range,    heritability  values  were   computed  for  growth 
characteristics  and  cinalyses  were  attempted  in  the  hope  of  throwing  some  light 
on  the  existing  relationships. 

Initially,   data  were  collected  during  January  and  February  1958.     At  that 
time  the  studies  ranged  from  3  to  6  years  in  the  field.      Examination  of  these 
data  indicated  that  only  the  5-  and  6 -year  material  would  provide  appreciable 
information.      These  studies,    numbers  103  and  102,    also  had  the  most  data 
collected  at  earlier  ages.  Subsequently  the  decision  was  made  to  examine  these 
two  studies   in  November  and  Decenaber  1959  to  obtain  7-   and  8-year  data, 
respectively.     Studies  102  and  103  provide  the  data  presented  in  this  paper. 



rj.^  A 

Figure  4.  --An  aerial  view  of  a  portion  of  the  Callaway  Foundation  progeny  testing 
area.     Four  species  (cind  hybrids)  in  six  age  classes  are  under  test  in  this  field. 

GROWTH  CHARACTERISTICS 

Survival 

The  initial  survival,   as  measured  by  number  of  trees  living  after  1  year 
in  the  field,   has  been  good  at  the  Callaway  Foundation  (table  3).      In  study  102 
highly  significant  differences  4/    were  obtained  among  blocks  and  significance 
at  the  5  percent  level  among  lots.     Inspection  of  the  data  indicates  that  the  lots 
from  Southern  Mississippi  and  New  Orleans  contributed  the  major  portion  of 

the  variance  among  lots.      Lots  C-59  and  C-7  also  showed  very  poor  perform- 
ance in  block  I  because  of  damage  by  chemicals  used  to  control  kudzu  (Pueraria 

thunbergiana)  growing  on  these  plots.     In  contrast  to  study  102,  the  survival  of 

the   Southern  Mississippi  and   New  Orleans  lots  in  study  103  exceeded  90  per- 
cent,  indicating  good  inherent  ability  to  survive.     These  were  the  only  two  lots 

of  seedlings  grown  from  the  same  seed  lots  for  both  studies.     In  study  103  the 
control  seedlings  apparently  contributed  a  major  portion  of  the  variation  in  the 
analysis.     Most  of  the  discrepancies  in  planting  survival  can  be  attributed  to 
the  handling  of  the   stock,    the  actual  planting  operation,   or,   in  one  instance. 

^  Throughout  this  paper  the  term  "highly  significant"  (**)  will  refer  to  statisticEil  significance  at 
the  1  percent  probability  level.  "Significant"  (*)  will  refer  to  statistical  significance  at  the  5  percent  prob- 

ability level. 
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Table  3.  --First  year  survival,  studies  102  and  103 

Study   102 
Study   lOsi/ Lot Trees 

planted :Bloc k:    Block: 
Block: Average Block: Block: Block: Block: Average 

per  plot :      I :         II    : 
HI    : I      : 

II   : 
III    : IV   : 

Number 

25 

Percent 

96 C-4 92 88 84 

88 

88 

68 

68 80 

C-6 35 
63 

49 

94 

69 96 

84 

76 

76 83 

C-7 30 47 
93 97 

79 

80 

72 

76 44 68 

C-10 100 
86 

95 74 85 100 96 
100 

100 

99 

C-37 80 
90 96 

84 

90 

92 

84 88 

72 

84 

C-50 
80 

82 98 81 87 100 92 88 100 95 
C-51 

80 
82 95 80 86 96 88 92 88 91 

C-54 
20 

90 80 90 87 - - - - - 
C-56 

25 
92 

96 
96 

95 

- - - - - 
C-58 - - - - - 

96 

92 88 96 

93 

C-59 
20 15 

95 

90 

67 - - - - - 
C-60 

10 
70 

90 
100 

87 - - - - - 
C-61 70 80 91 83 85 - - - - - 
C-62 

35 
74 89 

77 

80 - - - - - 
C-63 

20 
100 100 95 98 88 92 

88 
100 

92 

C-65 100 66 93 92 84 

96 

92 96 

72 

89 
C-134 - - - - - 96 72 

72 

100 85 
Sou.    Miss. 40 20 55 48 41 92 84 100 

100 
94 

New  Orleans 20 20 
72 

85 

59 

96 96 

72 

96 

90 

Control    Seedlings!/ 30 
80 

68 

65 

71 

52 

20 

36 24 33 

Control    Seedl/ 45 
76 

91 98 88 76 88 84 92 85 

A-1 - - - - - 
76 

80 

56 28 

60 

A-2 - - - - - 92 84 

60 84 

80 

CA-82 - - - - - 80 100 

72 

92 86 

CB-23 - - - - - 96 80 

96 

80 88 

CB-74 - - - - - 
92 

92 

96 

100 

95 
Callaway ~ ~ ~ ~ — 92 96 36 96 

80 \/   All  plots  contained  25  trees 

2/  Control  lots  have  no  relationship  between  years 

Analysis  of  Variance  (102)—/ 
"F" 

^6.49*
* 

-'    2.42* 

Analysis  of  Variance  (103)-^ 
Source d.f. 

Blocks 2 
Lots 18 

B  X  L  (error) 36 
Total 56 

Source d.f. 

Blocks 3 
Lots 

20 
B  X  L  (error) 

60 
Total 83 

1,649 

5,537 
4,573 

11,759 

3/  Date  transformed  to  arcsin  ^percent 

4/  **  denotes  significance  at  the  1  percent  level  of  probability 
5/  *  denotes  significance  at  the  5  percent  level  of  probability 
6/  Not  significant  at  the  5  percent  level  of  probability 

s 

s. 

792 

10 192 
6 

,245 

-  "F 

6/   

~  2.54NS 

-/4.90** 

17,228 

chemical  damage.     The  amount  of  ground  vegetation  w^as  variable  and  in  some 
plots  w^ith  lower  survival  it  is  quite  probable  that  competition  from  herbaceous 
vegetation  was  critical  during  the  first  year.     Figure  5  shows  the  comparison 
of  survival  in  study  103  with  the   survival  in  study  102   for  the  11  common 
parents.   Figure  5  also  shows  the  comparison  of  survival  in  1959  with  survival 
in  1953  for  study  103.      Much  of  the   mortality  can  probably  be   attributed  to 
fusiform  rust. 
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Figure  5.- -A,  The  relationship  of  first-year  survival  of  lots  with  common  maternal 
parentage  for  stuciies  102  and  103.  B,  The  relationship  of  survival  at  1  year  and 
7  years  after  planting  for  study  103. 

The  data  show  that  initial  survival  was  not  a  critical  factor  in  the  estab- 

lishment of  these  progeny  tests.     Though  survival  may  have  been  low  on  indi- 
vidual plots,    all  of  the  progeny  groups  tested  have  the  ability  to  survive  under 

planting  conditions  present  at  the  Callaway  Foundation  in  1952  and  1953.   Prob- 
ably in  a  year  of  critical  drought,    such  as  1954  in  the  Southeast,   differences 

between  progenies  might  occur  in  survival  which  would  truly  measure  the  dif- 
ference in  the  ability  to  obtain  moisture  from  the  soil  and  endure  severe  con- 

ditions of  desiccation.      If  drought  resistance  were  not   of  concern   in  a  test, 
control  of  competing  vegetation  and  watering  would  be  justified  to  insure  high 
initial  survival.     In  any  instance,  special  care  should  be  given  in  handling  and 
planting  the  stock. 

Seed  Weight 

The  weights  per  thousand  open -pollinated  seed  for  several  consecutive 
years  at  the  Callaway  Foundation  were  analyzed  by  Snyder.  .§/     His  analysis 
showed  highly  significant  differences   in  seed  weight  among  the   different 
Callaway  slash  pine  selections. 

The  relationship  of  growth  of  seedlings  to  seed   size  has  been  examined 
by  several  workers.     Righter  (1945)  found  in  working  with  several  species  and 

hybrids  of  Pinus  that  initial  seedling  size  was  related  to  seed  size  but  that  dif- 
ferences  diminished  each  year  until  they  had  disappeared  by  the  third  year. 

Fowells  (1953)  in  his  work  with  ponderosa  and   Jeffrey  pines  found  that  seed 
size  affected  the  rate  of  germination  and  initial  seedling  size  but  had  no  effect 

on  first -year  survival.      Seed  size  effect  on  growth  was  evident  up  to  5  years 
but  was  not  detectable  beyond  this  age. 

^  Unpublished  data  contained  in  memorandum  RS-SS  Genetics,  General,  October  31,  1956,  on  file 
at  Southeastern  Forest  Experiment  Station,   Macon,  Georgia. 
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In  order  to  examine  the  possibility  of  seed  weight  influencing  height  of 
the  progeny  or  reflecting  inherent  vigor  in  the  Callaway  tests,   regression 
analyses  were  computed.     For  study  102  the  regression  of  average  height  at 
age  8  years  for  trees  free  of  stem  cankers  in  relation  to  weight  per  thousand 
seed  in  grams  was  found  to  be  not  significant.     Twelve  lots  were  involved  in 
this  analysis.     A  similar  analysis  for  the  10  lots  in  study  103,   where  com- 

plete data  were  available,    also  yielded  a  nonsignificant  regression  (fig.  6). 
The  absence  of  any  determinable  relationship  is  in  agreement  with  literature 
previously  cited. 
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Figure  6.  --The  relationship  of  average  heights  of  trees  without  stem  cankers  of 
fusiform  rust  to  seed  weight.  Study  102,  8  years  after  planting  (left),  and  study 
103,    7  years  after  planting  (right). 

Height 

The  literature  of  forest  tree  improvement  contains  many  contributions 
on  the  subject  of  growth.      Basically,   an  increase  in  forest  productivity  is  the 
goal  of  most  work,   and  the  first  step  is  to  increase  the  volume  of  wood  pro- 

duced per  unit  area  of  land.   Volume  growth  is  a  complex  relationship  of  height, 
diameter,   and  stem  form.     Our  primary  concern  is  to  discover  trees  that  will 
yield  more  wood  per  acre  in  less  time.     We  are  concerned  with  many  other 
characteristics  in  addition  to  the  dimensions  which  determine  volume  growth, 
but  they  will  be  discussed  later. 
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Most  of  the  early  reports  in  the  literature  on  height  growth  were  con- 
cerned with  provenance  tests  where  mixed  lots  of  seed  from  a  number  of  trees 

represented  each  source.   Many  of  the  early  workers  recognized  that  individual 
tree   differences  were  important  (Bates  1927;  Hartley  1927;  Coville  1928)  and 
some  gave  observational  data  about  them  (Tourney  1914;  Roeser  1926). 

Lubjako  (1941)  in  his  examination  of  11 -year  progenies  found  that  first 
quality  stands  produced  trees  which  were  more  than  double  those  from  third 
quality  stands   in  diameter  and  1.8  times  as   great  in  height.      He  detected 

"hereditary"   differences  in  the  third  and  fourth  years  but  considered  that 
still  too  early  for  selection.     Hough  (1952b)  correlated  10 -year  growth  of  red 
pine  seedlings  with  the  green  weight  of  2-1  stock  in  a  provenance  test.     He 
found  that  the   heaviest   seedlings  gave  a  faster  growth  rate  than  lighter  ones 
and  that  this  growth  rate  differential  increased  at  a  faster  rate  during  the  sec- 

ond 5  years  after  planting  than  during  the  first  5  years.   Rohmeder  (1956)  in  his 

discussion  of  racial  tests  of  Douglas -fir  reported  that  the  order  of  growth  rate 
had  not  changed  from  the  second  to  the  forty -fourth  year  except  for  unimportant 
displacement  in  the  middle  of  the  ranking.   Most  of  the  shifting  was  between  the 
ages  of  15  and  25  years.      This  was  a  period  in  which  disease  appeared  in  the 
plantation  and  may  have   accounted  for   some  of  the  shift.     Schrock  and  Stern 

(1952)  plotted  annual  growth  data  of  Populus  sp.   and  concluded  that  extrapola- 
tions could  be  made  to  permit  selection  for  final  growth  capacity  after  4  to  5 

years   of  measurements  for  fast  growing  trees  and  8  to  10  years  for  slower 
growing  ones. 

Schmidt  and  Stern  (1955)  developed  a  growth  quotient  for  Scotch  pine 

where  variety  "A"  is  expressed  as  a  percent  of  variety  "B".     They  showed  a 
"rhythm"  of  growth  for  a  20 -year  period  and  in  their  opinion  early  tests  would 
be  possible  based  on  their  growth  quotient.      Their  data  were  based  on  racial 
tests.   Fischer  (1949)  in  a  summary  of  provenance  trials  with  spruce  found  that 
the  maximum  differences  in  height  occurred  between  ages  10  and  25  years. 

Height  data  for  study  102  were  recorded  at  ages  1,  2,  3,  4,  6,  and  8  years 
after  outplanting  in  the  field  (fig.  7),  and  analyses  of  variance  showed  that  during 
the  first  3  years  highly  significant  differences  were   evident  among  progeny 
groups.     At  the   end  of  the  fourth  year  the   significance  level  had  dropped  to 
5  percent  and  at  the  end  of  the  sixth  year,   the  test  failed  to  reach  the  5  percent 
level.  At  age  8,  significant  differences  were  not  obtainable  in  study  102  (table  4). 
In  every  case,  block  differences  were  highly  significant.      Using  an  approximate 

method  by  Snedecor  (1956,  pp.  385-386)  the  block-lot  interaction  was  examined. 
The  examination  of  the  block-lot   interaction,    which  is  the  error  term  in  the 
usual  analysis  of  variance,   indicated  a  highly  significant  interaction.     This  is 
interpreted  to  mean  that  the  different  progeny  groups  react  differently  to  the 
varying  sites  upon  which  the  blocks  are  located.  As  was  pointed  out  previously, 
the  blocks  were  not  contiguous  and  were   scattered  over  the  field  in  order  to 
reduce  the  risk  of  fire.   In  study  102,  plot  size  varied  from  10  to  100  seedlings; 
thus,  the  area  occupied  by  the  individual  plots  was  quite  variable. 



Figure  7. -The  rapid  height   growth  of  the  proge
nies  is   shown  in  this  series  of 

photographs  taken  at  3.    4,    5,  and  6  years  after  plan
ting.    (Block  II,  study  102.) 
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The  occurrence  of  this  significant  interaction  was  not  anticipated.    Analyses 
of  height  data  from  each  of  the  other  Callaway  slash  pine  studies  revealed  highly 
significant  interactions  with  one  exception.      This  high  frequency  of  significance 
of  the  interaction  minimizes  the  possibility  that  it  could  be  chance;  therefore, 
it  must  be  attributed  to  the   sensitivity  of  the  progeny  groups  to  varying  sites. 
This  reflection  of  micro-site  in  growth  responses  is  disturbing  because  from  a 
practical  standpoint  any  improved  strain  must  be  well  adapted  to  a  given  site 
in  the  broad  sense.      It  is   impractical  to  attempt  to  develop  or  use  individual 

progenies   or  strains  adapted  to  the  normal  patterns  of  micro -site  variation  in 
the  Piedmont. 

The  interaction  also  increases  variation  and  reduces  the  sensitivity  of  the 
test.     The  attainment  of  a  more  sensitive  test  will  require  the  use  of  very  uni- 

form sites  or  a  much  better  sample  of  micro-sites  than  these  studies  represent. 
This  problem  of  sensitivity  immediately  poses  the  question  of  what  design  must 
be  used  for  future  tests  to  insure  adequate  samples  of  micro-  and  macro-sites. 
How  do  we  test  a  progeny  for  performance  in  the  lower  Piedmont?     Do  we  have 
to  test  on  each  phase  of  each  soil  series?     Can  we  test  for  general  adaptability? 
Only  the  analyses  of  similar  studies  established  on  other  sites  can  furnish  the 
answers.    Fortunately,   many  of  the  needed  studies  are  already  established  and 
we  await  the  lapse  of  time  until  data  can  be  collected  and  analyzed. 

On -the -ground  observations  indicate  that  the  different  progenies  are  quite 
sensitive  to  minor  variations  in  site.     Within  a  single  plot,   on  what  appears  to 
be  a  uniform  soil  as  judged  by  slope,   aspect,   and  ground  vegetation,  there  is 
considerable  variation.     In  some  of  the  plots  where  there  has  been  erosion  of 
the  surface  soil,    usually  reflected  by  differences  in  ground  vegetation,   there 
are  frequently  very  striking  contrasts  between  the  heights  of  trees  on  the 

eroded  portion  of  the  plot  and  those  in  the  next  row  of  trees  on  the  non-eroded 
portion.   These  trees  seemed  to  be  much  more  sensitive  to  what  has  been  pre- 

viously thought  minor  site  variations  than  was  expected. 

Study  103  shows  significant  differences  among  lots  at  all  ages.     In  the 
early  years  tests  were  significant  at  the  1  percent  level;  however,   at  ages  5 
and  7,   differences  were  significant  only  at  the  5  percent  level  (table  5).    Once 
again  examination  of  the  block-lot  interaction  shows  it  to  be  highly  significant, 
and  there  is  a  highly  significant  difference  between  blocks.     Two  factors  may 
contribute  to  the  retention  of  significance  in  study  103  at  various  ages  in  con- 

trast with  102.   First  of  all,  study  103  has  4  blocks  instead  of  the  3  in  102,  and 
secondly,   all  plots  are  the  same  size  and  originally  contained  25  trees.     Sur- 

vival has  been  more  consistent  in  study  103,  which  would  tend  to  give  less  vari- 
able estimates   of  the  progeny  means.      There   is   considerable  variation  in  the 

performance  of  individual  progenies   among  the  different  blocks  for  both  study 
102  and  103   (tables  4  and  5).      The   effect  of  fusiform  rust   stem  cankers   on 
growth  also  becomes  evident.    In  general,  the  mean  height  for  each  plot  shows 
an  increase  when  stem-cankered  trees   are   removed.      Only  relatively  large 
differences  are  significant  (table  6). 



Table ;  5.  --Height  data,  study  103,  7 

years 

after  planting 

All  trees Trees without stem  cankers  of  fusiform  rust 

Lot Block  : Block  : Block Block 
Block :  Block 

:  Block  : Block  : 

I II III 

IV 

: Ave  rage I II 
TII 

IV 
Average 

l?<ao+   ~ 17__  ^ 

ree  t  — 

-  —  reet 

C-4 21.06 17.72 14.63 20.44 18.46 21.95 18.20 15.26 21.78 19.30 
C-6 20.60 14.23 11.88 20.56 16.82 21.16 14.87 13.14 20.75 

17.48 

C-7 21.64 18.78 19.21 19.81 19.86 21.95 20.90 20.73 20.39 
20.99 

C-10 24.30 19.96 16.22 19.04 19.88 24.59 20.28 17.35 
20.51 20.68 

C-37 23.37 21.54 21.51 19.97 21.60 
23 .  78 22.52 22.28 

20.31 22.22 

C-50 22.73 21.43 17.65 21.45 20.82 24.04 22.38 19.24 21.76 21.86 
C-51 20.47 15.61 15.57 18.01 17.42 20.47 16.31 

16.53 
18.98 18.07 

C-58 22.33 21.51 20.54 19.42 20.95 
23.12 22.88 21.41 20.97 

22.10 

C-63 20.65 21.33 17.78 20,64 
20.10 

21.06 22.18 
18.65 21.23 

20.78 

C-65 22.55 17.55 19.46 16.41 18.99 
22.84 17.48 

19.95 16.47 
19.18 

C-134 19.59 23.22 12.32 17.52 18.16 20.54 23.88 
14.28 19.07 19.44 

Sou.  Miss. 19.90 16.26 11.19 18.94 16.57 20.86 19.97 15.65 21.69 
19.54 

New  Orleans 20.32 16.68 13.09 20.93 17.76 21.32 18.51 
15.03 21.26 19.03 

CA-82 21.18 18.58 16.50 19.08 
18.84 

23.11 
20.33 

17.50 19.62 
20.14 

CB-23 20.82 17.31 14.19 17.79 17.53 22.29 
18.74 

16.14 19.62 
19.20 

CB-74 18.88 12.12 14.39 19.27 16.16 19.25 14.11 
16.17 

21.40 
17.73 

A-1 17.01 19.58 14.40 19.43 17.60 19.10 20.85 15.85 20.90 
19.18 

A-2 18.39 19.62 12.96 18.82 17.45 20.23 20.36 15.30 20.93 19.20 
Control  Seedlings 17.18 16.82 18.74 11.28 16.00 17.30 18.30 

20.83 14.55 17.74 

Control  Seed 20.09 15.79 14.13 20.62 17.66 20.93 15.80 14.13 21.87 
18  18 

Callaway 22.77 18.70 13.06 18.54 18.27 22.95 
19.55 

13.49 
19.14 18.78 

An ilysis  of Variance Analysis  of Variance 

Source            d.f. s  .s  . "F" Source d.f. 
s  .s , 

"F" 

Blocks 3 277.49 19 
** 

Blocks 3 219.97 

16.84  ^ 

1.850 Lots 20 204.76 2 
Lots 

20 162.02 
B  X  L  (error) 60 289.46 

B  X 
.,  (error) 60 262.66 

Total 83 771.71 Total 83 644.65 

A  regression  was  computed  of  the  average  tree  height  for  each  lot  on  the 

average  number  of  trees  surviving  per  plot   in  study  103.      Nelson  (1952)  re- 
ported no  differences  in  height  for  thinned  and  unthinned  slash  pine  plantations, 

but  contrary  to  his  findings,  a  positive  regression  was  found  v.-^ith  its  coefficient 
highly  significant  (fig.  8). 

Y  =  14.34  +  0.224  X 

where  Y  =  average  progeny  height  in  feet 
X  =  average  progeny  survival  in  number  of  trees  per  plot 

The  explanation  is  not  clear.     Chance  occurrence  of  site  differences  might  ex- 
plain it, but  more  likely  is  the  possibility  of  a  true  relationship  between  inherent 

vigor  and  survival;   more  vigorous  progenies  survive  better  and  grow  taller. 

Though  the  tests  of  differences  among  lots  seein  to  indicate  that  studies 
102  and  103  are  relatively  insensitive  from  a  statistical  viewpoint,  the  general 
pattern  of  growth  seems  fairly  well  defined  (table  7  and  fig.  9).  Generally  those 

progenies  which  performed  well  the  first  2  or  3  years  in  the  field  have  con- 
tinued to  maintain  their  positions  of  leadership.  The  initially  slow  growing 

progenies  tend  to  remain  so.  There  is  considerable  shifting  of  position  among 
progenies  near  the  center  of  the  distribution  where  differences  are  small. 
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Table  6.  --Multiple  range  test  of  differences  in  average  total  height  among 

progenies  of  study  103,    7  years  after  planting 

Lot 

All  trees 

Average 

height 
5  percent 

leveli/ 

Trees  without  stem  cankers  of  fusiform  rust 

Lot 
Average 

height 5  percent 

leveli/ 

Feet 

C-37 21.60 
C-58 20.95 
C-50 20.82 
C-63 20.10 
C-10 19.88 

C-7 19.86 
C-65 18.99 

CA-82 18.84 
C-4 18.46 
Callawa / 18.27 
C-134 18.16 
New  Orleans 17.76 
Control Seed 17.66 

A-1 17.60 

CB-23 17.53 
A-2 17.45 
C-51 17.42 

C-6 16.82 
Sou.    Miss. 16.57 
CB-74 16.16 
Control Seedlings 16.00 

Feet 

C-37 22.22 C-58 
22.10 C-50 
21.86 

C-7 

20.99 C-63 

20.78 C-10 
20.68 

CA-82 20.14 
Sou.    Miss. 19.54 C-134 

19.44 
C-4 19.30 
CB-23 19.20 
A-2 19.20 C-65 

19.18 

A-1 19.18 
New  Orleans 19.03 Callaway 

18.78 
Control Seed 18.18 C-51 

18.07 
Control Seedlings 17.74 

CB-74 17.73 
C-6 17.48 

1.098 1.046 

1/  Values  not  included  in  the  same  bracket  are  significantly  different  at  the  indicated  5 

percent  level . 

Analysis  of  Variance  (All) Analysis  of  Variance  (Without  stem  rust) 

Source d.f  . 
s.  s. 

"F" Source 
d.f. s .  s . "F" 

Blocks 3 277.49 

19.17** 
Blocks 3 219.97 

16.84** 

Lots 20 204.76 

2.12* 

Lots 

20 

162.02 

1.85* 

B   X  L   ( error) 60 

83 

289.46 

771.71 

B  X  L   ( 

Total 

error) 
60 

83 

262.66 
Total 644.65 
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Figure  8. --The  relationship  of  average 
height  to  number  of  trees  surviving, 
study  103,  7  years  after  planting. 
Each  plot  contained  25  trees. 
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I  2  3  4  5  6  7 

AGE  (YEARS  FROM  SEED,  1951-1959) 

I  2  3  4  5  6 

AGE  (YEARS  FROM  SEED,  1952-1959) 

Figure  9.  --The  patterns  of  height  growth  for  several  progenies  of  study  102 
(left)  and  study  103  (right)  are  similar. 

If  minor  site  and  competitive  differences  within  the  plots  were  important 
as  contributors  to  variation  in  the  analyses,  it  would  seem  that  the  most  likely 

cause  of  variation  would  be  erosion,   compaction,   or  severe  herbaceous  com- 
petition, any  of  which  would  have  a  detrimental  effect  on  height  growth.     Were 

this  the  case,    the  use  of  sample  data  from  each  plot  might  avoid  some  of  the 

problem.    To  test  this,  the  five  tallest  trees  in  each  plot  of  study  103  were  se- 
lected as   a  sample.      This   immediately  is   recognized  as   a  disproportionate 

sample,  but  the  small  numbers  of  trees  on  some  of  the  plots  did  not  lend  them- 
selves to  proportionate   sampling.      The   analysis   of  variance   of  these   data 

yielded  resvilts  similar  to  those  of  the   complete   analyses.      The  rankings 

changed  little  with  the  exception  of  lots   "Sou.   Miss."   and   "Control  Seed" 
(table  8). 

The  trial  indicated  that  a  purposively  selected  subsample  of  the  tallest 
trees  was  no  more  sensitive  than  the  entire  sample  population. 



Table  8.  --Average  heights  of  tallest  five  trees  on  each  plot,   study  103,    7  years  after  plantings 

Lot 
Block 

II III IV 

Lot average 

C-4 
C-6 
C-7 
C-10 
C-37 
C-50 
C-51 
C-58 
C-63 
C-65 
C-134 
Sou.   Miss. 
New  Orleans 

CA-82 
CB-23 
CB-74 
A-1 
A-2 
Control  Seedlings 
Control  Seed 

Callaway 

25.14 
23.24 
24.96 
27.20 
26.12 
25.46 
22.50 

25.90 
23.40 

24.44 
23.36 
23.22 
23.98 
24.82 
24.20 

23.04 
22.04 
22.08 

19.74 
23.16 
24.68 

Feet 

19.98 17.24 
17.62 15.76 
21.92 22.24 
21.88 19.98 
24.82 23.98 
24.22 22.02 
17.92 20.32 

23.88 24.08 
24.06 21.34 
19.60 22.94 
25.86 16.42 
20.56 17.20 

19.98 17.24 
22.76 19.20 
19.68 18.68 
16.30 18.68 

22.42 17.50 

22.08 15.70 

16.82 22.74 
17.34 16.30 

21.84 15.02 

22.76 
23.88 
21.90 

22.64 21.62 

23.60 
20.50 

22.60 
23.84 
18.72 
20.18 
22.74 

23.76 
22.36 
20.36 

22.78 

■1/19.42 

22.40 

i/ll.28 

23.78 20.52 

Feet 

21.28 
20.12 
22.76 
22.92 

24.14 
23.82 

20.31 
24.12 

23.16 21.42 
21.46 
20.93 

21.24 
22.28 
20.73 
20.20 

20.34 
20.56 
17.64 

20.14 20.52 

1/  Four  trees  per  plot. 

Source 

Blocks 
Lots 
B  X  L  (error) 

Total 

Analysis  of  Variance 

d.  f.  s.  s. 

3 
20 
60 

83 

233.92 

207.94 
328.12 

769.98 

"F" 

14.25** 1.90NS 

Diameter 

Measurements  of  d.b.h.  were  first  taken  in  studies  102  and  103  in  1957 

at  6  and  5  years,   respectively.     Repeat  measurements  were  taken  in  1959. 
Both  sets  of  data  were  examined  by  analyses  of  variance;  first,   including  all 
trees  in  each  plot,    and  second,   removing  those  trees  which  had  stem  cankers 
of  fusiform  rust  and  analyzing  the  remaining  data.    In  no  case  were  significant 
differences  shown  between  lots  for  study  102.      In  study  103,   highly  significant 

differences  were  obtained  when  all  trees  were  considered  and  differences  sig- 
nificant at  the  5  percent  level  were   obtained  when  only  trees  free   of  stem 

cankers  of  rust  were  considered  (table  9).     Very  high  correlations  were  ob- 
tained between  d.b.h.   and  total  height  of  individual  trees,    0.83  and  0.88  for  all 

trees  in  studies  102  and  103,  respectively.    At  these  young  ages  d.b.h.   seems 
to  be  closely  associated  with  the  total  height  of  the  individual  trees  (fig.   10). 



22 

Table  9.  --Multiple   range  test  of  differences  in  average  d.b.h. 

among  progenies  in  study  103,    7  years  after  planting 

All  trees 
Trees  without  stem  cankers  of 

fusiform  rust 

51/ 

li/ 

51/
 

Average 
percent percent 

:  Average 

percent Lot d.b.h. level level 
Lot 

:  d.b.h. level 

Inches 

C-37 4.92 
C-10 4.40 
C-58 4.31 

C-7 4.30 

C-50 4.30 
C-63 4.26 

C-4 4.12 

C-65 4.04 
Callaway 4.02 
C-51 3.96 

CA-82 3.95 

C-6 3.92 
Control  Seed 3.84 
C-134 3.81 

New  Orleans 3.79 

A-1 3.56 

CB-23 3.53 

A-2 3.52 
Sou.  Miss. 3.44 

CB-74 3.30 
Control  Seedlings 3.24 

Inches 
C-37 

5.16 C-58 

4.65 C-10 

4.63 

C-7 
4.57 

C-50 

4.54 C-63 

4.46 

C-4 
4.39 

CA-82 
4.31 

Sou.  Miss. 
4.29 

Callaway 4.24 

C-6 4.17 C-51 4.17 C-134 
4.14 

New  Orleans 
4.11 

C-65 
4.08 

A-2 
4.05 

A-1 4.04 

CB-23 
4.01 

Control  Seed 3.99 

CB-74 
3.80 

Control  Seedlings 3.80 

0.261 0.241 

1/  Mean  values  not  included  in  the  same  bracket  are  significantly  different  at  the 
probability  level  indicated. 

Source 

Analysis  of  Variance  (All) 

d.f.        s.s.    "F" 

Blocks 3 

Lots 20 

BXL  (error) 
Total 

60 
83 

s.s  ■ 

15.76 
13.54 
16.37 
45.67 

19.26_^ 

2.49 

Analysis  of  Variance  (Without  stem  rust) 

Source         d.f.       s.s.      "f" 

16.98^ 

1  .78 

Blocks 3 11.86 
Lots 

20 

8.25 
BXL  (error) 60 13.97 Total 83 34.08 

Under  forest  conditions  in  an  even-aged  stand,  one  normally  expects  the 
average  diameter  to  be  inversely  related  to  the  nunaber  of  stems  per  unit  area. 

The  effect  of  competition  in  reducing  diameter  growth  in  young  slash  pine  plan- 
tations was  reported  by  Nelson  (1952).     Using  the  data  of  study  103,   a  regres- 

sion was  computed  for  d.b.h.  on  the  number  of  trees  surviving  per  plot  (fig.  11). 
The  regression  coefficient  was  highly  significant. 

Y  =  2.67  +  0.069  X 

where  Y  -  average  progeny  d.b.h.   in  inches 
X  =  average  progeny  survival  in  number  of  trees  per  plot 
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Figure  10.  --The  relationship  of  d.b.h.  to  total  height  at  7  years  in  study  103. 

Contrary  to  expectation  and  to  Nelson's 
report,  the  regression  is  positive,  in- 

dicating that  the  lots  with  the  best  sur- 
vival have  the  largest  average  diam- 

eters. If  we  assume  that  site  has  been 

sampled  uniformly,  and  this  may  be 
questioned,  the  explanation  may  lie  in 
part  in  the  fact  that  the  most  vigorous 
progenies  have  the  highest  survival, 
and  even  under  increased  competition 

are  more  productive  than  the  less  vig- 
orous lots.  Of  course,  the  true  ex- 

planation may  be  a  combination  of  this 
and  chance  site  occurrence  and  may 
be  related  to  the  interaction  which  was 

apparent  between  lots  and  blocks.  Ad- 
ditional studies  that  have  been  installed 

at  other  locations  on  more  uniform 

sites  will  eventually  shed  light  upon 
this  unusual  situation.  For  the  purpose 
of  analysis,  it  was  assumed  that  the 

plot  means  were  the  best  available  es- 
timates of  the  true  progeny  means. 
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Figure  11. --The  relationship  of  average 
d.b.h.  to  number  of  trees  surviving, 
study  103,  7 years  after  planting.  Each 
plot  contained  25  trees. 
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Natural  Pruning 

Observations  at  about  5  years  of  age  indicated  that  natural  pruning  among 
progenies  was  not  closely  related  to  the  amount  of  crown  competition,   and  that 
it  took  place  before   crowns  began  to  compete  for  space   (fig.  12).      In  1959, 
studies  102  and  103  were  measured  and  a  pruning  height  record  was  taken. 
This  height  was  the  distance  from  the  ground  to  the  first  whorl  having  two  or 
more  live  branches,   excluding  branches  having  basal  fusiform  rust  cankers. 

Figure  12. --This  well-formed  fast -growing  offspring  of  C-37 
shows  the  tendency  for  good  form  and  rapid  natursd  pruning 
at  an  early  age.  These  photos  were  made  at  3,  5,  6,  and 
9  years  after  planting. 



These  branches  were  excluded  because  of  their  tendency  to  remain  alive  and 
become  more  vigorous  than  uncankered  limbs.  Analysis  of  study  102  data  re- 

vealed significant  differences   among  progenies  when  all  trees  were  included 
and  highly  significant  differences  when  only  trees  free  of  stem  cankers  were 
considered  (table  10).    For  study  103  (table  11),   highly  significant  differences 
among  progenies  were  obtained  for  similar  analyses.      Figure  13  shows  the 
relationship  of  pruning  height  in  study  103  to  pruning  height  in  study  102  for 
the  11  common  lots  based  on  trees  free  of  stem  cankers.    Two  lots.  Southern 
Mississippi  and  New  Orleans,   had  low  survivals  in  study  102.     Although  there 
is  an  apparently  strong  relationship  between  pruning  height  and  total  height  of 
the  trees,  there  is  a  wider  range  of  values  among  lots  in  study  102  than  in  103, 
which  reflects  the  age,  variable  plot  size,  and  greater  total  height.   The  height 
of  natural  priming  at  8  years  (study  102),    when  analyzed  on  an  individual  tree 
basis,    has   low,    though  significant,    correlation  with  the   second-  (0.18),    and 
third-year  (0.16)  height  growth.      Correlations  with  second-  (0.33)  and  third- 
year  (0.36)  total  height  are  nearly  as  good  as  8-year  total  height  (0.40). 

Table  10.  --Multiple  rsinge  test  of  differences  in  average  pruning  height 

among  progenies  in  study  102,   8  years  after  planting 

Lot 

All  trees 

Average  ;     5 
pruning  :  percent 

height   ;   level!/ 

Trees  without  stem  cankers  of  fusiform  rust 

Lot 
: Average 

: pruning 
: height 

percent  :  percent 

leveli/;   leveli/ 
Feet 

C-56 7.26 
C-54 7.17 
C-37 6.81 
0-65 6.74 
C-63 6,57 
C-7 6.28 
Control Seed 6.02 
0-60 5.56 
0-10 5.49 
0-51 5.49 
0-61 5.46 
0-50 5.33 
0-6 5.18 
0-62 5.12 
Control Seedlings 4,70 
0-4 4.61 
0-59 4.50 
Sou. Miss. 4.45 
New  Orleans 3.79 

Sm  = 
0 647 

Feet 

0-54 7.28 
0-56 

7.20 
0-37 

6,98 C-65 

6,78 0-63 6.52 

0-7 
6.16 

Control Seed 6.02 
C-60 

5.68 C-10 
5.52 

0-51 
5.40 C-61 
5.37 0-50 
5.31 

0-6 5.28 0-62 
4.96 

Control Seedlings 
4.53 C-59 

4.47 0-4 
4,27 Sou.  Miss. 4.27 

New  Orleans 
3.64 

0.609 

1/  Mean  values  not  included  in  the  same  bracket  are  significantly  different  at  the 
probability  level  indicated. 

Analysis  of  Variance  (All) Analysis  of  Variance  (Without  stem  rust) 

Source d.f . s.s. 
"F" 

Source 

d,f . s.s. 
"F" 

Blocks 2 14.08 

5,60** 

Blocks 2 28.44 

12.77** 
Lots 18 53.06 

2,34* 

Lots 18 60.99 

3.04** 

B  X  L  ( error) 36 45.24 B  X  L  ( error) 36 40.08 
Total 56 112.38 

Total 56 129.51 
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Table  11.  --Multiple  range  test  of  differences  in  average  pruning  height 

among  progenies  in  study  103,    7  years  after  planting 

All  trees 

Average 

pruning 
height percent level percent level 

Trees  without  stem  cankers  of  fusiform  rust 

Lot 

Average 

pruning height 

5i/ 

per
cen

t 
lev

el 

percent 

level 

Feet 

C-37 6.06 

C-58 5.54 

C-7 4.96 
C-63 4.92 

CA-82 4.70 
C-50 4.43 
Sou.    Miss. 4.33 
C-10 4.26 

CB-74 4.18 

CB-23 4.14 
C-51 4,10 

A-2 4.01 
C-65 3.96 
Callaway 3.96 

A-1 3.94 
New  Orleans 3.93 
C-134 3.80 

C-6 3.62 
Control   Seedlings 3.39 
Control    Seed 3.36 

C-4 3.14 

Feet 

C-37 6.16 
C-58 

5.55 

C-7 

5.10 

CA-82 4.77 
C-63 4.71 C-50 

4.49 

Sou.    Miss. 4.48 C-10 
4.21 

CB-74 
4    18 

C-51 4.08 

New  Orleans 
3.99 

CB-23 3.98 C-65 3   95 

A-2 

3.89 
Callaway 

3.87 

C-6 
3.65 A-1 
3.64 

C-134 3.58 
Control    Seed 3.40 

Control   Seedlings 3    14 

C-4 
2.97 

0.376 0.388 

1/ Mean  values  not  included  in  the  same  bracket  are  significantly  different  at  the  probability  level 
indicated . 

Analysis  of  Variance  (All) Analysis  of  Variance  (Without  stem  rust) 

Source d.f  . s  .s  . "F" 

Blocks 3 45.11 

26.65' 

Lots 
20 

39.82 3.53 
BXL   (error) 60 33.86 
Total 

83 
118.79 

Source d.f. s  .s  . 
"F" 

Blocks 
3 

52.00 

28.  so' 

Lots 

20 

46.45 3   86 
BXL   (error) 60 36.11 
Total 83 134.56 
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Figure  13. --The  relationship  of  pruning 
height  in  studies  102  and  103  for  lots 
with  common  maternal  parentage. 



Field  observations  show  that  some  trees  have  inherent  ability  to  prune 

early  (fig.  12).     The  characteristic  of  early  pruning  is  valuable  because  it  re- 
duces the  amount  of  knots  produced;  knots  in  general  degrade  and  weaken  lum- 

ber and  provide  poor  quality  raw  material  for  pulping.     The  reduced  cost  of 
linab  removal  in  the  logging  operation  is  also  of  importance. 

Bark  Thickness 

Preliminary  examination  of  table  12  seemed  to  indicate  little  relationship 
between  bark  thickness  and  diameter  inside  bark  for  individual  trees  in  study 

102.     Investigating  further,  three  progeny  groups  that  had  individual  measure- 
ments taken  on  the  largest  numbers  of  stems  were  analyzed  individually  by  re- 

gression techniques.     The  three  progenies  examined  were  C-37  (n  =  35),  C-50 
(n  =  22),    and  C-65  (n  =  33).      Interestingly,    the   average  bark  thickness  of  the 
progenies  of  C-50  and  C-65  were  nearly  identical,   but  the  average  diameter 
inside  bark  was  different  by  greater  than  one -half  inch. 

Individual  regressions  of  bark  thickness  on  dianaeter  inside  bark  were 

computed  for  each  progeny  group  (table  12).  Both  C-50  and  C-65  had  low  non- 
significant regression  coefficients.  C-37  had  a  regression  coefficient  much 

stronger  than  the  other  two  groups  and  it  was  highly  significant. 

Table  12.  --Bark  thickness  and  d.i.b.  relationships  for 

some  progeny  groups  in  block  I,  study  102, 

8  years  after  planting 

Trees D.i.b. II Bark 
thickness Regression 

coefficient "t" value 

Number      Inches Inch 

C-4 
10 

4.84 0.654 
-- -- 

C-6 4 4.26 
.662 

-- -- 
C-37 35 4.24 .551 0.082 

3.900** C-50 22 4.66 .588 .011 .402 
C-54 11 4.56 .593 

-- 
-- C-65 33 4.07 .586 .033 1.357 

1/  Diameter  inside  bark. 

Figure  14. --The  relationship  of  bark 
thickness  to  diameter  inside  bark, 
study   102,    8  years   after  planting. 

Y 

where  Y 

0.202  +  0.082  X 

average   progeny  bark 
thickness  in  inches  (C-37) 

X  =  average   progeny  d.i.b.  in 

inches  (C-37) 

Figure  14  shows  the  wide  dispersion  of 
the  individual  values  for  each  progeny 

group  and  the  regression  line  for  C-37. 

5  0  70 

^0.65 

'-C-65 
>-C-37 
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Each  bark  thickness  value  was  an  average  of  4  measurements  taken  on 
the  individual  tree.     The  measurements  were  taken  to  the  nearest  0.05  inch, 
estimated  to  0.01;  they  showed  a  considerable   uniformity  on  the   individual 
trees.     Some  of  the  extreme  values  that  occur  on  figure  14  are  striking,  such 
as  the  individual  of  C-65  which  has  a  bark  thickness  of  0.82  inch  though  only 
4.45  inches  diameter  inside  bark.     A  similar  individual  of  C-37  shows  a  bark 
thickness  of  about   0.78  inch  though  only  4.65  inches  d.i.b.      In  contrast,   of 
course,   are  other  trees,   such  as  the  individual  of  C-50  with  a  bark  thickness 
of  about  0.50  inch  and  a  d.i.b.   of  5.00  inches.    Similarly,    an  individual  of  C-37 
with  a  bark  thickness  of  0.50,  one-third  less  than  the  previously  cited  individ- 

ual of  C-37,   had  a  d.i.b.   of  4.80  inches.     These  figures  indicate  strikingly  dif- 
ferent rates  of  bark  growth  as  compared  with  wood  growth  (d.i.b.  )for  any  given 

diameter.   The  lack  of  a  wide  range  of  bark  thickness  for  progeny  of  C-37,  with 
diameters  from  3  to  4  inches,   is  somewhat  in  contrast  with  the  wide  variation 
that  occurs  above  4  inches  d.i.b. 

The  individual  parent  trees  showed  considerable  differences  in  bark  thick- 
ness.    The  relationship  existing  between  parent  and  progeny  for  this  character- 

istic is  not  well  defined  (fig.  15),   but  a  positive  relationship  is  indicated. 

The  relationship  of  bark  thicknesses  among  progenies  of  the  two  studies 
is  defined  more  clearly  in  figure  15.      In  study  103,    trees  C-4,    C-6,   and 
C-65  had  approximately  the   same   average  d.b.h. ,    but  differed  in  average 
bark  thickness. 

It  is  probably  too  early  to  tell  how  much  of  the  evident  variation  in  bark 
thickness  might  be  attributed  to  heredity  and  how  much  to  environment.     At 
this  young  age,    the  bark  has  not  begun  to  break  into  large  blocks  and  show 
appreciable  sloughing.    It  will  require  5  to  10  more  years  before  true  progeny 
differences  in  bark  thickness  can  be  safely  established. 

The  range  of  variation  in  bark  thickness  would  seem  to  indicate  inherent 
differences  in  the  relative  rates  of  growth  of  bark  and  wood.     If  this  is  a  true 

relationship,   and  these  data  support  that  view,    it  will  then  be  possible  to  in- 
clude bark  thickness  as  one  of  the  selection  criteria  for  trees  used  in  breeding 

programs  and  in  seed  orchard  establishment.     Relatively  small  differences  in 
bark  thickness  can  mean  large  differences  in  the  amount  of  bark  in  relation  to 
the  wood  contained  in  the  log.     At  the  present  time,  the  only  appreciable  use 
for  pine  bark  is  fuel  for  the  boilers  in  large  sawmills  and  in  pulp  mills.     When 
logs  are  transported  great  distances,  the  cost  of  hauling  the  bark  is  substantial 
and  more  than  the  fuel  value  it  returns.     Thus,   it  would  seem  desirable,   from 
an  economic  viewpoint,  to  breed  for  trees  with  thin  bark. 

Considering  an  opposite  viewpoint,   if  bark  thickness  is  related  to  fire 
resistance  of  the  individual  trees,    it  might  be  desirable  to  breed  trees  for 
thick  bark  to  provide  more  resistance  to  fire.    This  would  be  desirable  not 
only  from  resistance  to  wildfire,    but  also  to  provide   more  latitude   in  the 
silvical  application  of  fire  for  the  control  of  hazardous  fuels  and  linderstory 
vegetation.    If  bark  thickness  proves  highly  heritable,  it  is  quite  probable  that 
breeding  will  take  both  directions,   depending  upon  the  needs  of  the  particular 
landowner. 
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Figure  15. --The  relationship  of  progeny  bark  thickness  to  maternal  parent  bark 
thickness,  study  102  (left).  The  relationship  of  progeny  bark  thickness  for  lots 
with  common  maternal  parentage  in  studies  102  and  103  (right). 

Correlations 

All  basic  measurements  taken  in  studies  102  and  103  were  assembled  for 
a  correlation  analysis   among  the   characteristics   of  individual  trees.      In  an 
effort  to  determine  what  might  be  the  best  measurements  to  take  on  very  young 
progenies  for  estimates  of  later  relative  values,   correlations   were  attempted 
between  early  measurenaents  and  height,  diameter,  and  pruning  height  at  age  8 
in  study  102  and  age  7  in  study  103  (tables  13,    14).      The  degree  of  rust  infec- 

tion on  each  tree  was  also  examined  in  relation  to  the  growth  characteristics 
at  earlier  ages.     In  summary,   for  study  102: 

1.  Height  at  8  years  correlates  well  with  height  at  2  or  3  years. 

2.  The  removal  of  stem -cankered  trees  from  the  data  before  analysis 
usually  increases  the  correlation  coefficients.    Stem  cankers  usually 
reduce  the  growth  of  trees  and  increase  variation. 

3.  The  rust  correlations  are  low  with  all  growth  and  height  values  for 
ages  2  and  3  years.    The  correlations  of  rust  with  height  and  diam- 

eter at  age  8  are  generally  negative,    indicating  that  rust  infections 
have  had  a  detrimental  effect  on  growth. 

4.  Height  and  d.b.h.  are  highly  correlated. 

5.  Early  growth  and  height  values  are  correlated  with  d.b.h.  almost  as 
well  as  with  total  height. 

6.  Height  of  natural  pruning  has  a  low  correlation  with  second-  and 
third -year  height  growth. 

7.  Total  height  after  2  years  in  the  field  compares  favorably  with  the 
same  value  in  study  103  for  correlation  with  total  height  at  ages  7 
and  8,   respectively. 
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32 

The  correlation  values  for  study  103  may  be  summarized  as  follows: 

1.  Total  height  at  2  years  in  the  field  and  either  second-  or  third -year 
height  growth  are  equally  good  in  terms  of  correlation  with  total 
height,  age  7.    The  growth  values  are  much  higher  in  terms  of  cor- 

relation for  study  103  than  102. 

2.  Removing  trees  having  stem  cankers  improves  the  correlations. 

3.  Rust  infection  has  a  low  correlation  value  with  all  early  growth 
and  height  values.     The  correlation  with  height  and  d.b.h.  at  age  7 
is  negative  for  rust  infection,  indicating  that  rust  infection  appar- 

ently reduces  growth. 

4.  Height  and  d.b.h.  are  highly  correlated. 

5.  D.b.h.  is  correlated  with  early  growth  and  height  values  equally  well. 

6.  Pruning  height,  age  7,  is  correlated  only  moderately  with  growth  and 
height  values. 

7.  Total  height  after  2  years  in  the  field  compares  favorably  with  study 
102  in  terms  of  correlation  values. 

Regressions  for  prediction  equations  were  not  computed  because  of  the 
limited  number  of  lots  of  seedlings   contained  in  these  studies.     Examination 
of  the  correlation  values  obtained  would  indicate  that  progenies  that  perform 
well  at  young  ages  can  be  expected  to  perform  well  at  older  ages.      How  long 
this  high  correlation  will  remain  is,   of  course,    a  moot  question.    The  greater 
the  number  of  years  between  values   correlated,    the  lower  the   correlation. 
However,  the  change  in  the  correlation  value  is  relatively  small  after  several 

years. 

Callaham  and  Hasel  (1961)  obtained  much  better  correlation  values  for 
ponderosa  pine  when  using  height  growth  than  when  using  total  height  of  young 
seedlings  with  total  height  at  age  15  years.     With  the  data  in  study  102  the 
opposite  was  true,  and  growth  values  were  no  better  than  total  height  values 
in  study  103.      In  considering  the   Callaham-Hasel  (1961)  data,    it  should  be 
noted  that  they  were  dealing  with  transplanted  seedlings,   whereas  the  slash 
pine  reported  in  this  study  were  field  planted  as  1-0  stock.   The  growth  rates 
of  ponderosa  seedlings  are  also  much  slower  than  those  of  slash  pine. 

A  plotting  of  the  values  of  mean  height  for  different  progeny  groups  in 
studies  102  and  103  at  increasing  ages  shows  that  those  progenies  which  be- 

come well  established  and  have  the  greater  heights  at  young  ages  tend  to  main- 
tain themselves.     As  the  trees  get  older,  the  differences  between  the  means  of 

the  progenies   generally  increase   (fig.  9).      These   curves  are   based  upon  all 
trees  in  the  plot.    As  has  been  noted  earlier,  there  are  minor  changes  between 
progeny  lots  in  these  groups.     Of  course,   we  do  not  know  whether  the  relative 
positions  of  the  different  progeny  groups  in  terms  of  total  height  will  change  in 
future  years,  but  we  can  expect  minor  changes  and  shifts  back  and  forth  where 
the  differences  are  small.     Whether  or  not  progenies  that   are  slow  growing 
during  the  first  7  or  8  years  will  suddenly  change  their  growth  pattern  and 
grow  more  rapidly  than  those  which  have  been  fast  growing  is  a  subject  for 
further  study. 



studies  102  and  103  will  be  continued  until  a  thinning  becomes  necessary, 
probably  at  15  to  18  years  of  age.     Beyond  this  point  growth  values  will  become 
uninterpretable  because  plots  of  varying  densities  and  competitive  levels  cannot 
be  systematically  thinned  to  retain  the   same   relative   competitive   status.     In 
normal  forest  management  practice,  the  timber  marker  determines  which  trees 
will  be  retained  for  future  growth;  therefore,  trees  not  exhibiting  good  growth 
at  early  ages  will  be  removed  and  never  have  the   opportunity  to  show  any 
changed  pattern  of  growth  in  later  years,    if  such  potential  exists. 

In  all  of  the  characteristics  considered  in  the  foregoing  presentation, 
there  is  evident  the  variation  within  and  among  progenies.      The  agreement 
between  the  data  of  the  two  studies  is  good  except  for  height  and  diameter 
measurements.      These  are  probably  the  characteristics  most  sensitive  to 
site  variation.    The  agreement  in  other  measured  characters  is  encouraging. 

CROWN  RELATIONSHIPS 

Toumey  (1914),  in  reviewing  early  work  done  by  Zederbauer  in  Austria 
and  Engler  in  Switzerland,    pointed  out  that   seedlings  produced  from  poor 
mother  trees   are   mostly  of  poor  form.      Engler  also  recognized  that  if  the 
mother  tree  was  poor  because  of  weather,  man,  or  beast,  its  poor  form  would 

not  be  transmitted  to  the  progeny.      Bannister  (1959)  has  discussed  the  com- 
plexities involved  in  selecting  for  characteristics,    such  as  branching,   where 

at  present  the  genetics  are  unknown,  the  interrelationships  are  unknown,   and 
the  physical  properties  of  the  products  are  unknown,  as  well  as  the  economics. 

Using  7 -year -old  open -pollinated  progenies  of  Pinus  radiata,  he  found  that  they 
were   significantly  different  in  branching  characteristics,    and  that  branching 
characteristics  were  not  correlated  with  tree  height.     Fielding  (1953)  pointed 
out  the  importance  of  branch  angle  in  terms  of  the  formation  of  knots.     The 
more  acutely  angled  branches  cause  worse  knots  than  horizontal  branches  and 
also  may  give  bark  inclusions.     He  reported  that  branch  angle  in  some  clonal 

material  increased  with  age.      Fielding  found  differences  in  crown  width  be- 
tween clones,  and  that  the  number  of  whorls  per  year  varied  widely.    Breeding 

done  with  exotic  pines  in  Queensland  (Queensland  Forest  Service  1950)  showed 

that   7 -year -old   selfed  progenies   had  branch  characteristics,    such  as  size, 
angle,  and  number  of  whorls  per  unit  length  of  trunk,  that  could  be  correlated 

with  the  parent.   Johnson  (1954)  considered  crown-width  relationships  "perhaps 
safely  established,"  and  branch  angle  and  relative  degree  of  apical  dominance 
important.    Kleinschmit  (1959)  has  reported  a  Mendelian  segregation  of  growth 
and  branch  forms  in  progenies  of  European  larch. 

Peter-Contesse  (1941)  reported  that  poor  beech  trees  gave  excessively 
branched   seedlings   which  did  not  respond  to  silvicultural   manipulations  in 
terms  of  branching  characteristics.      Work  with  Pinus  radiata  in  South  Africa 
(Union  of  South  Africa,  Department  of  Forestry   1948)  showed  a  high  percent  of 
progeny  that  reproduced  the  morphology  of  the  mother  tree.    The  data  indicate 
that  certain  morphological  characteristics,  such  as  slender  branches  and  short 
internodes  are  probably  dominant.    It  was  also  found  that  defects  in  crown  and 
leading  shoot  were  heritable.    Toda(1956)  considered  the  crown  slenderness  in 
clones  and  seedlings.     He  tried  to  use  a  formtila  to  express  crown  slenderness 



in  Larix  decidua  but  found  it  unsatisfactory;   neither  was  a  "spacing  value"  ac- 
ceptable.    He  found  that  site   quality  in  the  usual  meaning  did  not  affect  crown 

slenderness  very  much.      In  considering  the  practical  application  of  breeding 
for  narrow -crowned  trees,    Toda  determined  that  if  the   number   of  stems  per 

acre  was  proportional  to  crown  slenderness,  then  one  might  increase  the  num- 
ber of  stems  per  acre  50  percent  by  a  17  percent  decrease  in  crown  diameter. 

He  recognized  that  individually  the   trees   may  be   slow  growing,   but  the  total 
yield  would  be  greater;   however,  crown  slenderness  did  not  seem  to  be  related 
to  the  vigor  of  growth. 

Schmidt  (1952)  compared  the  timber  producing  capacities  of  wide-crowned 
and  narrow-crowned  types  of  Norway  spruce  (Picea  abies).     He  found  that  iso- 

lated trees  with  the  wide  type  yielded  higher,   but  in  close   stands  the  yields 
were  about  equal.      From  this  he   also   cautioned  one  to   use  care  in  applying 
single  tree  results  to  stands.     Kiellander  (1957)  also  considered  inheritance  of 
branching  type   in  spruce.      He  examined  two  racial  plantings;   one  planted  at 
1.5  meters  spacing  produced  finely  branched  trees  and  yielded  wood  of  good 
quality;  the   other  plantation  was   planted   at  1.2  meters   and  the  trees   were 
coarsely  branched  and  poor  in  quality.    This  demonstrated  that  the  characters 
of  branching  could  not  be  controlled  entirely  by  close  planting. 

Squillace  and  Bingham  (1954)  measured  crown  characteristics  in  a  num- 
ber of  western  white  pine  and  used  the  9th,    10th,   and  11th  whorls  from  the  top 

of  the  tree;  they  measured  the  length  and  diameters  of  the  branches  and  found 

that  average  branch  length  was  significantly  correlated  with  the  average  peri- 
odic elongation  of  the   stem  during  the   last  10  years.      Their  value   was  0.61, 

significant  at  the  1  percent  level.   Spahlinger  (1957),  working  with  grafted  off- 
spring of  finely  branched  trees,   suggested  early  testing  of  branching  charac- 

teristics by  measuring  branching  at  a  height  of  1  meter.      He  assumed  that 
branch  diameter  at  this  height  would  be  closely  related  to  branch  diameter 

at  a  greater  height  on  the  tree.      Kleinschmit  (1955)   reported  on  2 -year-old 
open -pollinated  progenies  of  larch  from  six  stands.   He  found  that  branch  angle 
differed  from  25  to  55  degrees  at  the  extremes  and  that  crown  spread  depended 
on  branch  angle,   not  branch  length.     He  found  that  individual  parent  trees  and 

provenances  coiold  be  distinguished.   Arnborg  and  Hadders  (1957)  found  signifi- 
cant differences  between  branch  angles   among  clones.      They  also  found  that 

branch  angle  generally  increased  in  the  first  three  whorls.     The  variation  in 
their  clonal  material  was  very  small.      They  found  that  the  angle  of  branches 

in  clones  changed  less  with  acute  angles  than  with  those  angles  nearer  hori- 
zontal.     Their  tests  of  normally  branched  parents  gave   mostly  normally 

branched  progenies  from  open-pollination,   and  acutely  angled  parents  gave 
progenies  with  75  percent  having  acute  angles.     When  clones  were  planted  at 

different  locations,  branch  angle  did  not  seem  to  be  modified  to  the  same  ex- 
tent as  height  and  diameter  growth.      They  also  found  an  inverse  relationship 

of  branch  length  and  angle  in  some  clones,  the  acutely  angled  branches  being 
longer.     They  obtained  significant  differences  in  branch  length,   and  observed 
a  tendency  for  the  branch  angle  of  the  ramets  to  agree  with  the  ocular  estimate 
of  the  angle  of  the  ortet. 



Johnson,  Robinson,  and  Comstock  (1955)  in  their  discussions  of  estimates 

of  genetic  and  environmental  variability  in  soybeans,  pointed  out  the  importance 
of  watching  for  a  negative  correlation  of  yield  with  other  characteristics.   These 
slash  pine   data  are  insufficient  to  test  whether  certain  desirable  branching 
characteristics  might  be  negatively  correlated  with  growth  and  yield.    An  in- 

teresting point  brought  out  by  Fielding's  work  with  Monterey  pine  (1953)  was 
that  trees  with  approximately  equal  total  volumes  of  wood  may  vary  greatly  in 
the  amount  of  merchantable  stem  volume.   He  gave  data  on  two  trees  of  similar 
volumes,   9.59  cubic  feet  and  9.75  cubic  feet,   with  48.9  and  62.6  percent  of  the 
total  volume  of  wood  in  the  trunks,   respectively.    This  reflects  a  considerable 
difference   in  the   amount  of  wood  contained  in  the  branches  of  the  two  trees. 

The  tree  with  the  smaller  total  volume  had  approximately  4.90  cubic  feet  in 
branches,  the  other  tree  3.65  cubic  feet. 

Goddard  et  al.  (1959)  compared  branching  characteristics  of  5-year  open- 
pollinated  progenies  from  several  selected  loblolly  pines  with  those  of  nearby 

check  trees.     They  found  that  the  limb  diameter-bole  diameter  ratio  was  sig- 
nificantly lower  for  three   of  the   select  trees  than  their  controls,   and  limb 

length-total  height  ratios  were  also  significantly  lower  for  three  select  trees. 

Barber,  Dorman,  and  Jordan  (1955)  reported  differences  in  crown  width 
of  several  progeny  groups  in  the  slash  pine  tests  of  the  Ida  Cason  Callaway 
Foundation.      Their  presentation  was  brief  and  did  not  include  any  detailed 
analyses.     The  data  were  based  on  measurements  of  the  maximum  crown 
width  of  individual  trees  in  the  progeny  tests  at  1/3  and  2/3  of  the  total  tree 
height.    For  discussion  purposes,  a  ratio  was  determined  for  the  relationship 

of  the  crown  width  at  one -third  height  to  total  tree  height.     Preliminary  trials 
using  an  average  crown  width  of  the  two  measurements  or  the  measurement  at 

two-thirds  of  the  total  tree  height  were  not  as  good  as  the  ratio  which  they 
used.     An  analysis  of  variance  of  the   crown  width  ratios  determined  for  the 
nine  progeny  groups,    measured  in  study  102  at  3  years  of  age,   indicated  a 
highly  significant  difference   among  progenies  (fig.  16).     The  data  in  table  15 
show  good  agreement  between  the  crown  width  ratios  in  blocks  I  and  II  of  study 
102.     These  were  the  only  blocks  measured  at  that  time. 

Crown  Width 

In  1956   crown  width  measurements  were  recorded  on  all  progenies  of 

study  103  in  blocks  I,   II,   and  IV.     Block  III  was  omitted  because  of  the  con- 
siderable variation  in  site.    The  data  analyzed  were  the  ratios  determined  by 

taking  the  mean  height  and  the  mean  crown  width  at  one -third  height  for  the 
plot,  and  then  computing  an  average  plot  ratio.     Ratios  for  individual  trees 
were  not  computed.     Once  again,  the  data  in  the  various  blocks  are  in  fairly 
good  agreement  and  the  analysis  shows  highly  significant  differences  among 
lots  (table  16).     These  data  are  for  trees  4  years  of  age,   in  contrast  to  trees 
3  years  of  age  for  study  102,   and  although  the  ratios  are  slightly  smaller  for 

the  4 -year  data,  the  range  is  approximately  the  same  in  both  studies.  The  lots 
used  in  the  initial  measurements  of  study  102  were  selected  to  give  a  full  range 
of  the  data.    The  number  of  common  parents  in  the  two  studies  was  insufficient 
to  make  comparisons. 



Figure  16. --These  plots  represent  typical 
narrow -crowned  and  wide-crowned  types 
after  3  years  in  the  field.  Progeny  of 
C-50  (top)  and  C-10  (bottom). 

Table  15.  --Ratios  of  crown  width  at  one -third 

tree  height  to  total  tree  height  for 

3-year-old  progenies,   study  102 

Lot 
Block 

Average 

C-4                                       0.53           0.56 
0.55 

C-10                                     .52             .56 

.54 

C-37                                     .43             .44 

.44 

C-50                                     .36             .41 

.39 

C-54                                     .41             .43 

.42 

C-56                                     .46             .42 

.44 

C-63                                     .35             .44 

.40 

Control  Seedlings            .50             .53 

.52 

Control  Seed                     .52             .54 
.53 

Analysis  of  Variance 

Source                     d.f.           s.s. "F" 

Blocks                          1          0.0035 

5.83* 

Lots                              8            .0671 

14.00** 

B  X  L  (error)            8            .0048 

Total 17 
.0754 

Crown  width  measurements  at  one -half  the  height  of  the  tree  were  taken 
at  5  years  in  study  103  and  significant  differences  were  found.  However,  be- 

cause crown  width  and  height  are  correlated,  it  was  felt  that  some  of  the  true 
differences  in  crown  width  might  be  masked  by  differences  in  mean  height  of 

the  various  progeny  groups.  Ratios  of  crown-width  to  height  were  determined 
for  the  different  progenies  in  study  103  and  analyzed  (table  16).  Once  again 
highly  significant  lot  differences  were  obtained. 
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Table 

16.  --] 
Ratios  of 3rown width  to  total  height for  study  103  at 

ages 
4 

and  5  ye ars 

Ratio of crown width  at 
1/3 

-hei 

ght 

Ratio of   crown  width at    1/2-height   to  total 
t o   total   height    at   4    ye ars height   at 5 

years 

Lot Block :    Block    : Block   : Block :    Block : Block Block    : 
I : II      : IV     : 

Averag 
e I :         II III IV      : 

Average -Ratio 

0.45 C-4 0.42 0 
.53 

0.45 0 

.47 

0.49 0.54 0.48 0.49 

C-6 
.36 .43 .40 .40 .44 

.49 .54 

.44 
.48 

C-7 
.34 .35 .35 .35 

.38 .42 .44 
.39 .41 C-10 

.40 .54 .48 .47 
.42 

.45 
.50 

.50 

.47 

C-37 
.33 .36 

.37 .35 .36 
.42 

.38 .39 
.39 C-50 

.34 .35 .33 .34 
.37 .40 

.41 

.40 .40 

C-51 
.31 .44 .35 .37 

.38 
.45 .43 .39 

.41 C-58 
.36 .36 .36 

.36 .40 .39 
.43 

.44 .42 

C-63 
.33 .33 

.37 .34 
.40 

.37 .46 

.41 
.41 

C-65 
.30 .44 .36 

.37 .38 .43 .44 .42 .42 

C-134 .30 
.34 .35 .33 

.39 .38 

.49 
.38 .41 Sou .    Mi ss . 

.31 .48 .39 
.39 

.42 

.45 
.52 .41 

.45 

New  Orl eans 
.40 .47 .39 .42 .45 .46 .49 .41 .45 

CA-82 
.38 .34 .34 .35 .39 .42 .42 .46 

.42 CB-23 
.38 

.40 
.38 

.39 .41 .47 .48 .54 
.48 CB-74 .35 

.44 .37 .39 .40 .46 .44 
.41 

.43 

A-1 .38 
.35 ,33 .35 .43 .43 .55 .43 .46 

A- 2 
,38 .42 

.43 .41 .47 .48 .55 

,53 

.51 Control Seedling s 
.35 .44 .36 

.38 

.39 
.52 .46 

.51 

.47 

Control Seed .41 .42 .41 
.41 .46 .46 .48 .41 

.45 Callawa y 
.34 .40 

.46 
.40 

.39 
.45 

.47 
.49 .45 

Analysis of  Variance (4    years) Ana 
Lysis   of Variance 

(5   years 
) 

Source d.f . s 
.s. 

" 
II Source d _J_ L 

s.s. 
"F" 

Blocks 2 

0. 

0321 13 

.37** 

Blocks 3 0 
.0428 

15.33** 
Lots 

20 
. 0901 3 

.76** 

Lots 

20 

.0889 

4.77** 

B   X  L   ( error) 40 . 0479 
B  X 

L  (error) 60 
.0559 

Total 62 , 1701 Tot  a 1 83 

.1876 

Within -Crown  Measurements 

At  the  end  of  the  1959  grov^^ing  season,  detailed  measurements  were  made 
of  the  tree  crowns  of  certain  progeny  groups  in  block  I  of  studies  102  and  103; 
similar  measurements  were  made  on  their  parent  trees  (fig.  17).    Initially,  six 
parent  trees  were  selected. 

Detailed  measurements  were  made  of  five  parent  trees.      The  sixth  had  a 
rust  canker  in  the  upper  portion  of  the  crown  and  it  was  too  dangerous  to  climb 

for  collecting  data.   This  tree,  C-51,  was  subsequently  dropped  and  an  additional 
parent  tree   substituted   in  each  study.      Trees   C-10  and  C-63  had  been  lost  and 
were  no  longer  available.     Tree  C-7  occurred  in  a  different  plantation  and  was 
not  included  for  that   reason.      As  mentioned  earlier,   the  various  parent  trees, 

though  grown  in  the  same  plantation,   probably  were  growing  on  sites  of  differ- 
ent degrees   of  fertility   and  they  had  differing  competition  because   of  initial 

mortality  after  planting  and  subsequent  losses  from  fusiform  rust.     For  these 
reasons,    it  is  difficult  to  compare  the   measurement  data  on  the  individual 
parent  trees  presented  in  table  17. 
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r  whorl 

Figure  17. --This  6-year-old  tree  is  typical  of  young  slash  pine. 
The  locations  of  crown  measurements  are  shown.  Ages  of 
whorls  were  determined  from  previous  height  measurements. 

Table  17.  --Measurements  of  slash  pine  parent  trees  at  age  25  years 

Parent 
tree 

Total 
height 

Diameter  outside 

bark  at-- 

Breast 
height 

17.3 
feet 

1/2 

height 

Bark  thickness  at- 

Breast 
height 

17.3 
feet 1/2 

height 

65  to  80  percent  crown  zone 

Average 

branch 
length 

Average 

branch 
diameter 

Average 

branch angle Total whorls 

measured 

Total branches 

measured 

Feet 

68 17.4 

-  Inches  - 

13.9 10.9 
1.47 

-  Inches  - 

0.84 
0.68 

Feet 

11.72 

Inches 

2.05 

Degrees 

56.6 

Number 

7 
Number 

C-4 
17 

C-6 66 18.2 16.2 12.7 1.54 1.10 

.79 

12.95 
2.57 

52.5 5 17 

C-37 67 15.4 13.4 
10.5 

.97 
.75 .59 

10.19 
2.01 55.0 

4 

15 

C-50 68 11.8 10.8 8.9 
.76 .69 

.51 

10.55 

1.77 
54.5 7 

18 

C-54 68 13.2 12.4 9.2 1.00 
.88 

.69 

10.74 1.94 
53.7 

7 17 

C-65 63 13.7 12.0 9.9 1.22 
.88 .82 

10.06 
2.00 51.1 

6 

18 

C-134 70 15.2 14.2 10.6 1.45 1.11 

.72 

10.30 2.08 
54.1 

8 20 



In  recording  data  on  the  individual  parent  trees,  the  treetop  was  rigged 
with  spars  and  guy  ropes  to  prevent  breakage;   measurements  were   begun  at 
the  tree's  terminal  bud  and  continued  to  its  base.   Detailed  measurements  were 

made  of  the  last  3 -years'  growth,   including  diameter  and  length  of  the  inter - 
nodes,   diameter  and  length  of  the  branches,   and  growth  of  the  branches  for 
each  of  the  years.     Below  that  point  in  the  crown,   measurements  were  taken 
of  the  length  of  the  inte modes  between  what  appeared  to  be  primary  whorls, 
and  a  diameter  of  the  stem  was  taken  at  a  distance  of  0.5  foot  above  the  whorl. 
Each  branch  in  the  whorl  had  its  diameter  determined  0.5  foot  from  the  stem 
and  its  length  and  angle  from  vertical  recorded.     These  measurements  were 
made  to  a  point  in  the  crown  where  lateral  competition  was  evident  or  where 
natural  pruning  began  to  take  place. 

The  measurements,  along  with  bark  thickness,  stem  diameter  at  several 
heights,  d.b.h. ,  and  total  height  measurements,  made  it  possible  to  reconstruct 
the  crown  and  branching  characteristics  of  each  of  the  parent  trees. 

Measurements  of  branching  characteristics  of  the  individual  progenies 
were  confined  to  trees  with  no  stem  cankers  of  fusiform  rust.    Measurements 

of  total  height,   d.b.h.  ,   bark  thickness  at  breast  height,   and  diameter  at  one- 
half  height  were  taken,    along  with  detailed  measurements   of  three  whorls 

(table  18).    These  whorls  contained  branches  with  4-,    3-,  and  2 -years'  growth, 
respectively.     They  were  primary  whorls  for  the  particular  years  concerned; 
their  exact  positions  were  determined  from  previous  height  measurements  of 
the  trees.     Height  from  the  ground  to  the  lower  whorl  was  determined  and  the 
length  of  the  internodes  between  the  whorls  was  measured.     The  diameter  of 
the  stem  at  6  inches   above  the  whorl  was  recorded  and  the  length,   diameter, 
and  angle  of  each  branch  in  the  whorl  was  also  tallied.     In  dete rmining  the 
average  branch  length,    diameter,    and  angle  for  each  whorl  in  the  progenies, 
ramicorns   were   excluded  from  the   averages,    as   were   obviously  damaged 
branches,   or  occasionally  branches  that  had  not  developed  normally  and  were 
suppressed.   For  marginal  branches  in  this  latter  category,  length  or  diameter 
had  to  be  at  least  one -half  the  mean  value  of  the  other  branches  in  the  whorl 
for  inclusion;   in  only  a  few  instances  was  the  application  of  this  rule  necessary. 
A  total  of  26  measurements  and  combinations  of  measurements  was  determined 

for  each  individual  tree  in  the  progenies  for  analysis  purposes. 

The  parent  trees   showed  little   difference  in  average   branch  angle,    and 
several  of  the  trees  were  grouped  closely  for  branch  length  and  angle  (table  17). 

Using  average  branch  length  in  the  portion  of  the  crown,  between  65  and  80  per- 
cent of  total  height   seemed  to  give  the  least  variable  estimate  in  each  parent. 

The  progeny  branch  lengths  of  whorl  II  appear  to  agree  with  the  parent  trees 

in  both  studies  102  and  103  (fig.  18),   except  for  the  relationship  of  C-6.     The 
two  progenies  are  in  close  agreenaent,  however,  leading  one  to  suspect  that  the 

crown  of  parent  C-6  has  been  unusually  influenced  by  environment. 

Regression  equations  and  individual  progeny  correlations  were  not  com- 
puted because  of  the  limited  numbers  involved.     Whorl  II  branch  lengths  agree 

well  for  progenies  in  both  studies  (fig.  19).   Crown  diameters  at  whorl  II  were 
converted  into  diameter -total  height   ratios   for  comparisons   with  earlier 
values  computed. 
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Table  18.  --Average  progeny  values  for  stem  and  crown  characteristics 

STUDY  102    (8   YEARS) 

Trees Whorl  I  branches Whorl  II  branches Whorl  III  branches 
Lot    . measured: height: D.b.h. : thickness : Diameter: Length Angle Diameter Length Angle 

Diameter 
Length 

Angle 
Number Feet Inches Inch Inches Feet Degrees 

Inches Feet 
Degrees 

Inches Feet 
Degrees 

C-4 10 25.97 6.15 0.654 1.26 
7.14 56.5 

1.28 7.04 
54.7 

1.15 
5.49 46.4 

C-6 4 23.55 5.58 .662 
,    1.07 

i/    .91 

,     5.57 

i/5.38 
63.2 

i/58.6 

1.18 
5.41 57.1 

1.06 
4.58 58.6 

C-37 35 24.53 5.34 .551 

.96 

5.41 
58.8 

.94 

4.56 

53.1 

C-.50 22 28.32 5.84 
.588 

.95 

5.52 
61.3 

1.06 5.78 
62.2 

.94 

4.52 53.7 

C-54 11 26.60 5.75 .593 1.07 

-'     .82 

6.48 

-^4.91 

1    55.0 

-59.4 

1.12 
6.26 

58.0 1.06 
5.15 

47.0 

C-65 33 24.92 5.24 
.586 .88 

4.79 

59.3 

.93 
4.38 

51.3 

STUDY  103  (7  YEARS) 

C-4 11 22.81 5.22 0.591 

C-6 13 20.86 5.08 .589 
C-37 10 24.85 5.50 .546 
C-50 10 24.79 5.05 

.554 
C-65 15 22.55 4.60 .532 
C-134 11 19.96 4.15 .497 .    0 

.96 5.68 

T   5.12 

i/5.65 

i/4.81 

-^65. 3 

i/59.2 
i/66.8 

1.14 6.12 
61.7 

2/ 

4/ 5/ 

.86 

.91 

.82 

1.03 

.98 

.99 

5.30 

5.46 5.39 

66.7 61.0 
65.4 

2/ 
.60 .66 

£/3.86 
1/3 . 86 

i/63 . 2 2/65 . 3 

.80 

.78 

4.39 
4.11 

65.1 
66.4 

3/ 

0.98 4.51    56.6 

.96 

1/4:30 

i/58 

1 

.95 

4.66 55 1 

.92 
4.46 

59 

1 

.82 

3.78 

57 

3 

.79 

3.69 59 3 

1/  n  =  27 2/  n 10 3/  n  =  12 4/  n 5/  n  =   9 
6/  n 13 

•  -STUDY  102 

X -STUDY  103 

- 
•C-4 

•  C-54 xC-4 

•C-50 

C-37i        xc-50 

?C-6 

•C-65 

xC-65 

xC-134 
1   1   1   J.             1 '             ' 1             1            1 

10  II  12 
MATERNAL  PARENT  BRANCH   LENGTH  (FEET) 

13 

14 

Figure  18.  --The  relationship  of  average  progeny  branch  length  in  whorl  II 
(3  years  old)  to  average  branch  length  of  maternal  parent  measured  in  a 
zone  between  65  percent  and  80  percent  of  total  height. 
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Figure  19.  --The  relationship  of  average  branch  lengths  in  whorl  11(3  years  old)  for 
lots  with  common  maternsQ  parentage  in  studies  102  and  103  (left).  The  relation- 

ship of  ratios  of  crown  diameter  at  whorl  II  to  total  height  for  lots  with  common 
maternal  parentage  in  studies  102  and  103  (right). 

The  limited  progenies  available  show  that  they  are  maintaining  crown 
width  relations  in  close  agreement  with  the  determinations  made  at  earlier 
ages  (fig.  20).     This  is  very  encouraging,   for  it  may  mean  that  estimates  of 
crown  characteristics  can  be  made  reliably  at  young  ages  (fig.  21). 
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Figure  20.  --The  relationship  of  the  ratios  of  crown  diameter  to  total  height  at 
different  ages  in  studies  102  and  103.  The  relationship  of  8-year  to  3-year 
ratios  in  102  (left),    and  7-year  to  4-year  ratios  in  103  (right). 
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Figure  21.  --This  crooked  and  poorly  branched  offspring  of  C-4  demonstrates 
some  of  the  undesirable  traits  typical  of  the  progeny  of  this  parent.  These 
pictures  were  taken  at  5  and  8  years  after  planting.  Large  branches  in  the 
earlier  photo  are  still  identifiable  at  8  years  of  age. 

In  addition  to  these  values   based  on  lengths  of  branches,  the  ratio  of 
branch  diameter  in  whorl  11  to  d.b.h.   was   determined  for  the  progenies;  once 
again  studies  102  and  103  agree  well  (fig.  22). 

Using  the  IBM  650  electronic  computer,  simple  correlations  were  com- 
puted for  all  possible   combinations   of  the  26  characteristics.      Highlights  of 

these  correlations  for  studies  102  and  103  are  presented  in  table  19,  the  com- 
plete set  Ox  values  for  all  the  combinations  in  table  20.   The  design  of  the  ex- 

perim.ent  was  such  that  small  correlations  are  highly  significant. 

The  correlation  values  obtained  when  branch  length  in  whorl  II  was  com- 
pared with  height  growth  of  stem  above  the  whorl  are  low.   Values  for  study  102 

are  not  significant  and  just  make  the  5  percent  level  for  103.   This  is  somewhat 
in  disagreement  with  the   data  presented  by  Squillace   and   Bingham  (1954)  in 
which  they  obtained  a  correlation  of  0.61   between  branch  length   and  height 
growth  of  the  stem  above  the  whorl;  however,  they  were  working  with  a  species 
which  produces  a  single  whorl  of  branches  each  year  and  were  also  able  to  use 

10 -year  growth  data  in  older  trees.      In   contrast,    the  correlations   of  branch 
length  with  total  height   of  the  tree  and  of  branch  diameter  with  d.b.h.  of  the 
tree  are  significant  at  the  1  percent  level.      It  is  also  interesting  that  branch 
diameter  is  correlated  approximately  as  well  with  total  height  of  the  tree  as  it 
is  with  diameter,    and  is  correlated  only  slightly  less  with  total  height  of  the 
tree  than  is  branch  length. 

I 
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Figure  22. --The  relationship  of  the 
ratio  of  branch  diameter  in  whorl 

II  (3  years  old)  to  d.b.h.  in  study 
103  (7  years  old)  to  the  same  ratio 
in  study  102  (8  years  old). 

Table  19.  --Correlation  coefficients  for  characteristics 

of  individual  open -pollinated  progeny 

STUDY  102^ 

Whorl  n 

Characteristic 
Branch    '     Branch    ' 

Branch 

diameter  \     length angle 

Branch  diameter 
whorl  II 

0.947** 

-0.430** 

Branch  length 
whorl  II 

0.947** 
-.481** 

Height  of  stem  growth 
above  whorl  II .178NS -- 

Total  height 

.351** 

-- 

D.b.h. 

.529** 

-- 

STUDY  lOSi/ 

Branch  diameter 
whorl  n 

0.951** 

-0.458** 

Branch  length 
whorl  n 

.951** 

-.467** 

Height  of  stem  growth 
above  whorl  II 

.285* 

-- 

Total  height 

.534** 

-- 

D.b.h. 

.753** 

— 

1/  n  =  100 

2/  n  =     59 



Table  20.  --Correlation  coefficients  among  characteristics  of  individual  slash  pine  trees 

a.  --Description  of  variables  and  mean  values 

study  103^ : Standard 
: deviation 

: Standard  : 
: deviation: 

Xi      =  Total  tree  height  -  feet 
X2  =  D.b.h.  -  inches 
X3  =  Bark  thickness  at  d.b.h.  -  inches 
X4  =  D.i.b.  at  breast  height  -  inches 
X5   =  Stem  diameter,  o.b..  0.5  feet  above  whorl  - 
Xg  =  Total  number  of  branches  in  whorl 

Xy     =   Number  of  branches  in  whorl  used  in  average 

Xg  =  Average  branch  diameter  -  inches 
X9   =  Average  branch  length  -  feet 

Xio  =  Average  angle  of  branching  from  vertical  - 
Xii  =  Total  height  of  stem  above  whorl  -  feet 
X12  =  Stem  diameter  o.b  .  0.5  feet  above  whorl  - 
Xi3  =  Total  number  of  branches  in  whorl 
Xi4  =  Number  of  branches  in  whorl  used  In  average 

Xi5  =  Average  branch  diameter  -  inches 

X16  =  Average  branch  length  -  feet 

Xx7  =  Average  angle  of  branching  from  vertical  - 
XiB  =  Total  height  of  stem  above  whorl  -  feet 
Xi9  =  Stem  diameter,  o.b.,  0.5  feet  above  whorl  - 
X20  =  Total  number  of  branches  in  whorl 
X21  =  Number  of  branches  used  in  average 

X22  =  Average  branch  diameter  -  inches 

X23  =  Average  branch  length  -  feet 

X24  =  Average  angle  of  branching  from  vertical  - 
X25  =  Total  height  of  stem  above  whorl  -  feet 
X26  =  Diameter,  o.b.,  at  1/2  total  stem  height  - 

Percent Percent 

25.73 2,60 9 22.64 2,41 11 
5,58 

,62 

9 4.95 ,70 14 
.59 

.07 

8 

,55 

,06 11 

4,39 
,57 8 3.85 

,62 

16 
inches 4,76 ,43 9 4,67 .53 11 

3,50 1.02 29 3,90 
1  .00 

26 

2.80 1,17 
42 2,60 1.15 44 

95 .21 22 

79 

,21 26 

5,57 
1,18 21 4.75 

1,18 

25 

degrees 
59,00 8,06 14 64.50 8.50 

13 

17,37 
1,61 

9 17,14 
1.75 

10 
inches 

3.92 

.35 

9 3,94 

.40 

10 

3,70 1.12 30 3.80 
1  .14 

30 

3,10 
1.05 

34 
3.30 

98 

30 

1.02 

,20 

20 

.97 

23 24 
5.63 1.12 

20 

5,19 1  ,20 23 

degrees 59,00 8.95 

15 

64.40 
9  .82 15 

13,35 
1.23 

9 
13   35 

1.33 

10 
Inches 

2.64 

.27 

10 

2,72 

28 

10 
3.80 1.20 32 4,30 1  ,18 

27 

3.20 .98 31 3,70 1    09 29 

.99 .15 

15 

.90 

,16 

17 

4.73 .79 

17 

4.20 ,78 

19 

degrees 
52.00 

10.58 
20 58   00 7  ,93 

14 

8.66 
1,03 

12 

8.56 

1  .03 

12 

inches 
4.01 

.48 12 3    69 45 

12 

L  n  =  100 

2/  n  =   59 

Table  20.  --Correlation  coefficients  among  characteristics  of  individual  slash  pine  trees 

b.  --Study  102,   9  years  from  seed 

18 

Xio  :  Xll  :  Xi2  :  Xl3  ■  Xl4  :  Xl5  :  Xl6  :  X17  :  X18  :  X19  :  X2J  ■  X21  :  X22  :  X23  :  X24  ,  X25 Xl 

X2 
"3 

U Xs 
X6 
X7 Xs 
X9 

XlO 
Xll 
X12 

Xl3 
Xl4 
Xl5 
X16 
Xl7 
X18 

Xl9 
X20 
X2I 

X22 

X23 
X24 
X2S 

X26 

0.60   0,11   0,6r   0.56   0.11  0.14  0.21  0.27 
.49    .98    ,87    ,06  .23  ,58  ,55 

.28    ,34   -.02  ,12  ,37  .30 
,87    ,07  .22  ,54  .53 

.13  .23  52  .52 

0,10 
0.86 

0,47    -0 
,03 0,03 0,31 0,35 0   08 0,76 

0   54   - 

0.13   -0 

21 
0   30 

0    39 

-0,08 

0,66 
0,56 

,10 35 

.76    - 
.03 .03 

53 50 -18 

27 

.57 

.02   - 

12 

56 ,55 

-     ,02 

20 83 

-.13 
-  05 

.28    - 

.11 

-06 

,29 

,22 

-.07 
-,12 

.14   - 
.01    - 

,04 

.26 ,24 

-    .09 

-,13 

.37 

.14 

.40 ,77 

,00 .05 ,51 .49 ,21 

,33 

59 

02   - 

,12 ,54 .54 

00 ,25 82 

.16 .43 

.89 ,00 ,06 

49 

46 

.17 

34 

,59 

11    - 

06 

.44 ,43 

06 20 

86 

.25 

.00 

13 

15 ,21 

-,05 
-,09 

12 

,00 

,02 

,10 

.06 

-.09 
-,13 

.22 

-   05 

.17 

.32 

-.04 

.23    - 

,05 ,05 

,17 

.11 

,07 

-.06 

.10 ,10 .08 

10 

,07 .18 

-  08 

29 

-.29 -.02 

.43    - 

.09 

-,10 

,68 ,66 

-,19 -.02 

26   - 
,15   - 

,18 47 45 

-    ,15 

,01 52 

-.31 

,07 
.40    - 

.05 

-,07 

,66 

,70 

-24 

.07 

.25   - 
,15   - 

,16 

47 

.50 

-    ,22 

.08 
.49 

,09 

.17    - 

.02 

.04 

-    08 

-14 

41 04 

.05 

27 

22 

-,20 

-29 

.48 

-08 

18 

.03 

03 
.06 

,18 

38 

-  10 

80 
24 
01 

01 

.21 

,01 

3/  Values  which  exceed  0.254  are  significant  at  the  1-percent  level.   Values  which  exceed  0.195  are  significant  at  the  5-percent  level. 
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Table  20.  --Correlation  coefficients  among  characteristics  of  individual  slash  pine  trees 

C.  ■ 

-Study  103, 
8  years  from  see d 

: Va riable 
Variable,  ^_^ 

1  X3 
:  X4 :  X5 

X6   : 

Xy 

:  X8   :  X9 :  Xio  :  Xii 

:  X12 
:  X,3 :  Xi4 

Xl5 

:  X16 :  Xl7 

:  X18 

X,9 

:  X20 
:  X21 

:  X^2 

X23  : 

X24 

:  X25 

X26 

Xl      ̂ 0.11 0.38 0.73 0.66 
-  0.01 

0.05 0  43  0.43 -0.03   0.93 
0.59 0.04 0.01 

0.49 

0,53 

-0.34 

0.83 0.51 0,09 

0.07 0  42 

0,47  - 

0,17 
0  73 

0  65 
"2 .68 

.99 .93 .11 
.21 .77    .75 -  .02    .59 .80 04 
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-  .35 

.46 
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-07 

01 64 
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29 ,29 79 
X3 .56 

.66 
.01 

23 .53    .46 .08    .29 .55 
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-  .18 
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-  12 

,03 

53 

,36  - 
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.00 

.73 .75 
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.46 .50 

-05 

,00 

61 
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31 

80 
Xs .05 18 ,72    .71 -  .02    .56 ,91 

.05 

.10 .72 .69 

-  .27 

.41 -57 

-.12 -  01 

.60 
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18 ,21 ,85 
"6 

.38 

-.09   -.11 -  .03   -.05 
-08 

.45 

.29 

-.04 -.07 

-  ,12 

-.06 

.05 

.14 

.Jl 

-08 

-.14  - .16 

-.12 

08 

X7 .29    .22 
.17   -.05 

.11 

-.08 
-.10 

.34 

.24 

.04 

-.10 

.19 

-.12 -.25 

.19 
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,01 
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.12 

X8 

.94 
-   12    .26 .58 

-14 
-.15 

.77 

,74 

-  .32 

,18 .41 

-  26 -.11 

.53 

.49  - 

.13 

,09 

56 

Xg 
-  ,12    .28 .55 

-.11 
-.08 

.77 

.81 

-  .32 

.18 

36 

-22 
-07 

50 

,53  - 

.11 08 .50 

XlO 

.01 

.03 

-.05 -.21 

,10 

06 

.27 

.03 13 03 ,08 

,14 

15 

.20 

05 

01 

Xll 56 .04 ,07 

,35 

.41 

-  .18 

.93 .46 
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.10 .31 

.39  - 

.10 ,79 54 

Xl2 
,10 

.11 

.55 

.52 

-   12 

,49 .63 

-.13 -.04 

.52 

46  - 

.02 

.22 

.83 

"13 
.76 

-05 
-.05 

-  .05 

.01 

.05 .21 .14 

-  12 -.15 

09 

-  06 

.09 

Xi4 

-,07 -.08 

-  .08 

-.02 

.00 ,15 .11 

-.26 
-.26 
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-  12 

.10 

Xl5 .95 

-  .46 

.22 

.39 

-.28 -.07 

.60 

.58  - 
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11 .55 

Xl6 

-  .47 

,28 

,35 
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,19 18 .54 
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Xl8 
.44 15 ,11 .22 

,29  - 

,05 

84 .38 

Xl9 

,01 

-  05 

32 
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56 ,50 

X20 .79 

-  26 
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.09 26 

-  09 

X21 

-.24 
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X23 

X24 
X25 
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.93  - 
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,49 

13 
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.46 
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-.05 

.19 

4/   Values   which   exceed  0.328   are   significant   at    the   1-percent    level.      Values   which   exceed  0.253   are   significant    at    the   5-percent    level. 

The  correlations  of  branch  length  with  diameter  are  very  high  and  posi- 
tive.    Both  characters   are   negatively  correlated  with  branch  angle   (length 

slightly  stronger  than  diameter)  and  all  correlations  are  highly  significant. 

The  parent  trees  considered  for  detailed  measurements  in  these  studies 

had  a  relatively  narrow  range  of  branch  angle.    C-65  had  the  most  acute  angle, 
with  an  average  of  51.1  degrees,  and  C-4  had  the  greatest  angle  (56.6  degrees). 
There  was  considerable  variation  within  the  crowns  of  the  individual  trees.     In 

the  progenies,  the  branch  angles  of  whorls  I  and  II  (ages  4  and  3,    respectively) 
are  in  fairly  close  agreement  in  studies  102  and  103.   The  average  branch  angle 
for  whorl  III  (2  years  old)  is  somewhat  more  acute.     This  is  in  agreement  with 
clonal  measurements  made  by  Arnborg  and  Hadders  (1957).    They  found  that  in 
the  majority  of  clones,   the  mean  branch  angle  of  the  third  whorl  from  the  top 
was  25  to  30  degrees  greater  than  the  top  whorl.     These  slash  pine  data  do  not 
include  angular  measurements  in  the  youngest  whorl. 

An  interesting  aspect  of  the  data  is  the  greater  branch  angle  recorded  in 

study  103  for  the  different  progeny  groups.    In  every  case  the  branch  angle  re- 
corded in  103  is   greater  than  the  angle  recorded  in  102  for  progenies  from  the 

same   mother  tree.      Table  18   shows   differences  from  2.2   to  9.6  degrees  in 
whorl  II.     This  consistent  trend  toward  greater  branch  angle  in  study  103  has 
no  explanation.     At  the  moment,   these  data  can  lead  only  to  speculation  until 
we  know  more  about  the  physiological  relationships  of  branch  growth. 

The  data  and  the  correlation  values  obtained  indicate  that  certain  definite 

relationships  occur  in  the  branching  habit  of  slash  pine.  Branch  length  and 
diameter  are  very  closely  related  and  are  negatively  correlated  with  branch 
angle.  Though  we  are  concerned  with  individual  trees  in  selection  programs, 
this  general  tendency  is  desirable  because  it  can  be  expected  that  trees  with 
horizontal  branches  v/ill  tend  to  have  short  branches.  Both  characteristics 
are  desirable. 
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The  data  also  demonstrate  that  it  would  be  profitable  to  select  for  crown 
characteristics  when  developing  a  breeding  program  in  slash  pine.     As  pointed 

out  by  Bannister  (1959),  we  do  not  know  the  economic  worth  of  different  branch- 
ing characteristics;  however,   it  would  be   reasonable  to  assume  that  they  do 

have  a  measurable  economic  value.   If  we  consider  veneer  and  sawtimber,  with 

the  exception  of  specialty  products,    such  as  knotty  pine  for  paneling,   any  re- 
duction of  number  and  size  of  knots  has  an  economic  value.     For  the  pulp  in- 
dustry, knot  wood  is  more  difficult  to  cook.   In  most  papermills  a  large  part  of 

the  material  which  is  screened  after  cooking  and  is  sent  back  for  a  second  cook 
consists  of  knot  naaterial  because  of  the  high  resin  content  and  high  density.    It 

has  also  been  reported  by  Zobel  and  Haught  (1962)  that  the  volume  of  compres- 
sion wood  surrounding  a  knot  is  approximately  equal  to  the  volume  of  the  knot. 

This  means  that  in  addition  to  having  a  knot  itself,  there  is  wood  surrounding 
it  which  is  undesirable  in  terms  of  quality. 

One  might  also  consider  the  economic  worth  of  fewer  and  smaller  branches 
to  the  logger  who  has  the  task  of  removing  branches  from  the  tree  after  it  is 
felled  in  the  woods.     Some   silviculturists  argue  that  branching  characteristics, 
especially  diameter  and  length,   can  be  controlled  by  spacing  in  the  forest.     To 
a  certain  extent  this  is  true,  but  the  work  of  Kiellander  (1957)  and  Schmidt  (1952) 
are   in  agreement  with  these  data;   branching  characteristics   are   inherited. 
These  Callaway  progeny  tests  are  all  planted  at  a  uniform  spacing  of  10  by  10 
feet.     Crown  closure   is  just   beginning  to  take  place   in  study  102  and  to  some 
extent  in  study  103.      However,   these  data,  taken  under  conditions  of  relatively 

free  growth,   indicate  that  there  are  measurable  differences  in  crown  width  be- 
tween progenies  from  different  mother  trees.     As  was  seen  in  figure  18,  there 

appears  to  be  a  favorable  relationship  between  the  branch  length  of  the  parent 
and  that  of  its  progeny. 

The  agreement  between  data  taken  in  study  102  and  103  on  progenies  from 
the  same  mother  trees,  grown  from  seed  in  different  seed  years,   demonstrates 

that  open-pollinated  progenies  can  be  relied  upon  for  estimates  of  the  genotype 
of  the  parent  for  crown  characteristics. 

SOUTHERN  FUSIFORM  RUST 

A  considerable  portion  of  growth  loss  and  mortality  in  the  forests  of  the 
world  is  usually  attributed  to  forest  diseases.     One  of  the  more  serious  dis- 

eases in  southern  forests    is   southern  fusiform  rust,   Cronartium  f  us  if  or  me 
(A.  &  K.  )  Hedge.  &  Hunt.     This  disease  infects  several  species  of  pine,    but  is 
most  important  on  loblolly  and  slash  pines.      Goggans  (1949,    1957)  conducted 
surveys  of  plantations  in  the  Piedmont  and  coastal  plain  of  Alabama  to  deter- 

mine the  degree  of  infection  and  damage  by  fusiform  rust.      In  his   survey  of 
coastal  plain  slash  pine  plantations,    he  found  that  43.7  percent   of  all  trees 
were  infected  with  rust. 

In  recent  years,  interest  has  been  stimulated  in  the  possibilities  of  de- 
veloping trees   resistant  to  their  more  important  diseases.     Clapper  (1952) 

pointed  out  that   control  measures  for  forest  tree   diseases  were  generally 
impractical  and  stressed  the  importance  of  establishing  projects  to  develop 
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disease -resistant  trees.  He  reviewed  much  of  the  work  up  to  that  time  and 
presented  an  outline  showing  methods  which  might  be  used  for  developing  such 
resistance.  Riker  (1954)  also  discussed  the  opportunities  for  control  of  disease 
through  forest  genetics.  Lutz  et  al.  (1958),  Boyce  (1958),  and  Schreiner  (1958) 
discussed  the  various  possibilities  and  limitations  of  selection  and  breeding 
for  control  of  disease  and  also  the  relative  position  of  importance  which  it 
should  take  in  over -all  programs  of  disease  control. 

Schiitt  (1959),  reviewing  the  literature  on  Pinus,  discussed  the  possibil- 
ities of  various  breeding  techniques  for  use  in  developing  resistance  to  fungi 

and  other  unfavorable  factors.    Suneson  (1960),    in  his  discussion  of  the  prob- 
lems of  diseases  and  insects  in  crops,    stressed  the  importance  of  developing 

varieties  with  a  broad  genetic  base  in  order  to  maintain  diversity  of  resistance 
to  strains  of  disease.     His  discussion  was  concerned  mainly  with  annual  agro- 

nomic crops,   but  the  points  that  he  made  are  of  great  importance  to  foresters 

because  of  the  length  of  a  generation  for  trees  and  the  inability  to  use  short- 
term  breeding  methods  to  develop  new  lines  of  resistance.     When  working  on 
resistance  of  a  tree   species  to  a  disease,    it  is  best  to  remember  that  the 
causal  organism  also  has  a  genetic   constitution  which  may  change  through 
hybridization  or  inutation, 

A  considerable  effort  has  been  devoted  to  the  development  of  white  pine 
species  resistant  to  the  blister  rust  disease  (Cronartium  ribicola  A.  Fisch.  ). 
Riker  and  Kouba(1940)  reported  a  number  of  selections  of  eastern  white  pine 

(Pinus  strobus  L.  )  made  in  blister  rust  areas  in  their  plans  to  test  open- 
pollinated  progeny  and  grafts  with  both  natural  and   artificial  inoculation. 
Riker  and  his  associates  have  since  reported  several  times  on  the  progress  of 
this  work  (Riker  et  al.  1943;  Riker,  Kouba,  and  Brener  1949).    They  were  able 

to  demonstrate  that  some  of  the  parent  trees  they  had  selected  were  highly  re- 
sistant to  the  rust.    Many  of  them  were  not  resistant,  and  in  general,  the  open- 

poUinated  progenies  indicated  a  low  degree  of  resistance;   however,   they  were 
better  than  commercial  seedlings.     Riker,   Kouba,    and  Brener  (1949)  showed 
that  resistance  might   manifest   itself  in  one  of  several  ways.      In  some  cases, 
the  fungus  failed  to  establish  itself,    or  established  itself  in  reduced  amount. 
In  other   cases,    the  fiingus  became   established  but  died  before  forming  a 
canker.     Ahlgren  (1955)  worked  with  selections  of  eastern  white  pine  in  the 
Lake  States  in  cooperation  with  Riker  and  achieved  similar  results. 

Blister  rust  has  also  achieved  considerable  attention  in  the  West  where 

it  attacks  western  white  pine  (Pinus  monticola  Dougl.  ).      Childs  and  Bedwell 
(1948)  discussed  susceptibility  of  some  white  pine  species  to  blister  rust  and 
reported  evidence  of  resistant  trees  in  sugar  pine  (Pinus  lambertiana  Dougl. ). 

Bingham,  Squillace,  and  Duffield  (1953)  discussed  the  breeding  of  blister-rust- 
resistant  white  pine   and  the   development  of  a  program  to   achieve  this   goal. 
Bingham,  Squillace,  and  Patton  (1956),  reporting  on  the  performance  of  hybrids 
between  eastern  and  western  white  pines  and  their  resistance  to  blister  rust, 

found  that  second-year  seedling  height  was  directly  and  significantly  associated 
with  the  number  of  needle  spots  in  a  foliage  sample  of  a  given  size.     Thus,   in- 

fection was  related  to  vigor. 



48 

In  a  more  recent  work,   Bingham,   Squillace,   and  Wright  (1960)  reported 
some  of  the  results  of  their  tests  with  western  white  pine  and  gave  estimates 

of  heritability  and  rate  of  improvement.   They  worked  with  61  control -pollinated 
and  50  open -pollinated  progenies  of  resistant  trees  and  5  open -pollinated  prog- 

enies of  ordinary  susceptible  trees.      Their  seedlings  were  grown  2  years  in  a 
nursery  under  artificial  inoculative  conditions   and  then  outplanted  in  areas 
where  blister  rust  was  present.    These  progenies  were  scored  at  6  years  from 
seed.     Using  techniques  developed  by  plant  and  animal  breeders,  they  deter- 

mined that  heritability  of  resistance  in  their  material  was  68  percent  in  the 
narrow  sense  and  87  percent  in  the  broad  sense.     They  further  calculated  that 

the  genetic  gain  should  be  18  to  24  percent  per  generation  using  the  narrow- 
sense  heritability  figure. 

European  foresters  have  also  been  concerned  with  this  disease  on  eastern 
white  pine  which  has  been  extensively  planted  in  Europe.   Meyer  (1954)  discussed 
selections   in  hybrids  of  the  white  pines  in  relation  to  development  of  resistant 
strains  of  trees.     He  reported  that  a  cross  between  Pinus  strobus  L.   and  Pinus 

griffithii  McClelland  gave  "fully  resistant  hybrids  with  vigorous  growth."     Based 
on  his  experience  with  32  selections  in  white  pine,    he  stressed  the  importance 
of  using  a  wide  range  of  material  and  not  working  with  too  limited  a  number  of 
clones.    Miilder  (1955)  reported  that  no  environmental  effects  were  found  which 
influenced  the  degree  of  infection  in  white  pine.      Based  on  his  stand  samples, 
the  infection  increased  with  age  so  that,   according  to  his  estimate,   all  trees  in 
a  stand  would  be  infected  by  age  65. 

In  contrast  with  Mulder,  Van  Arsdel  et  al.  (1961)  have  shown  that  local 
variation  in  temperature  and  moisture  distribution  have  a  pronounced  effect 
upon  the  occurrence  of  white  pine  blister  rust.      Patton  (1961)  has  shown  that 
susceptibility  of  white  pine  to  blister  rust  infection  decreases  with  the  increas- 

ing age  of  the  tree. 

Liese  (1936)  reported  that  some  of  his  crossings  proved  the  heritable 
character  of  resistance  to  the  needle  cast  Peridermium  pini.      Schiitt  (1957) 
discussed  the  possibilities  for  developing  resistance  to  another  needle  disease, 
Lophodermium  pinastri  (Schrad.  ex  Fr.  )  Chev.     He  selected  and  uested  a  num- 

ber of  healthy  trees  from  infected  areas  and  after  propagating  them  for  2  to  3 
years  under  infected  conditions,   he  had  obtained  11  highly  resistant  trees  and 
174  with  moderate  resistance.    He  also  stressed  the  possibilities  of  biotypes  of 
the  pathogen  and  races   of  pine.     Bolland  (1957a)  was  of  the   opinion  that  re- 

sistance in  Scotch  pine  to  both  Peridermium  pini  and  Lophode  rmium  pinastri 
(Schrad.  ex  Fr.  )Chev.   was  determined  by  several  genes  and  that  breeding  for 
resistance  to  those  diseases  was  complicated  by  the  fact  that  several  physio- 

logical races  of  both  pathogens  might  occur.   He  has  been  successful  in  select- 
ing elite  trees  resistant  to  both  pathogens. 

Resistance  to  many  diseases  has  been  reported  for  forest  and  horticul- 
tural trees.  Brown  (1959)  reported  some  of  the  more  advanced  work  with  hor- 

ticultural crops  in  his  discussion  of  mildew  resistance  in  apple.  His  data  were 
based  on  incomplete  diallel  crosses  from  which  he  calculated  the  contribution 

of  each  parent  to  progeny  resistance.  Rohmeder  (1956)  reported  racial  differ- 
ences in  disease  resistance  for  Douglas-fir.    Zak(1957)  found  resistance  to  the 
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littleleaf  disease  (Phytophthora  cinnamonil  Rands)  in  shortleaf  pine.   He  selected 
a  number  of  parents  and  tested  them  by  artificial  inoculation  techniques,    and 
as  a  result  of  these  tests,  a  breeding  area  of  several  acres  was  established  for 
the  development  of  shortleaf  pine  resistant  to  the  littleleaf  disease. 

Loblolly  pine  (Pinus  taeda  L. )  is  normally  a  species  highly  susceptible  to 
southern  fusiform  rust;   shortleaf  pine  (Pinus  echinata  Mill.  )  is  immune  to  the 
fungus.     Henry  and  Bercaw  (1956)   reported  that  the  hybrid  between  these  two 

species  was  free  of  fusiform  rust  after  5  years'  exposure.     Similar  observa- 
tions were  made  on  hybrid  material  near  Macon,  Georgia.^    Genetic  resist- 
ance to  the   rust   apparently  is  transmitted  to  the   hybrid  from  the  shortleaf 

parent.     In  his  review  of  the  literature,   Goggans  (1957)  assembled  information 
which  indicated  that  cultivation  or  other  measures  to  increase  growth  in  slash 
pine  would  increase  susceptibility  to  fusiform  rust.     Contrary  to  this,   Bethune 

and  Roth  (1960)  found  in  a  loblolly  pine  seed  source  planting  "apparently  little 
correlation  between  rate  of  height  growth  and  incidence  of  fusiform  rust,  a  re- 

lationship often  suggested  by  others."     Barber  and  VanHaverbeke  (1961)  found 
that  the   infection  rate   in  selected  slash  pine  seedlings  after  4  years  was  no 
greater  than  in  control  material,   even  though  the  growth  rate  was  20  percent 
greater.      Barber,    Dorman,   and  Bauer  (1957)  presented  data  that  indicated  a 
genetic  variation  in  resistance  to  fusiform  rust  among  slash  pines. 

Siggers  (1955)  expressed  the  opinion  that  loblolly  pine  is  more  susceptible 
to  southern  fusiform  rust  than  slash  pine,  but  once  infected,  slash  pine  is  more 
susceptible  to  invasion  of  the  living  bark  by  the  rust  (fig.  23).     Fusiform  rust 

Figure  23,  --This  is  a  typical 
branch  canker  of  southern 
fusiform  rust  in  the  aecial 
stage. 

6/  Unpublished  data  on  file 
with  Southeastern  Forest  Experi- 

ment   Station    at    Macon,    Georgia. 



is  most  serious  at  young  ages.      It  has  caused  tremendous  
losses  m  nursery 

Dlanting  stock  in  the  past  by  infection  of  newly  germinated  seedlmgs.
     Siggers 

(1955)  cited  losses  of  50  percent  in  two  nurseries  in  1947.    A
t  present,  chemi- 

cal sprays  used  in  nurseries  are  adequate  to  minimize  infe
ction. 

After  trees  become  established  in  the  field,  loss  can  be  encounter
ed  in 

two  ways.     At  young  ages,   mortality  can  be  expected  from  stem  can
kers.     In 

dense  stands  this  may  be  of  minor  importance  because  there  are  
excess  trees. 

On  the  other  hand,   appreciable  mortality  in  widely  spaced  plant
ations  may 

leave  irregular  stands  with  openings  of  considerable  size  that  will
  not  be  fully 

utilized  in  growing  a  timber  crop.   Damage  may  be  serious  at  aU  age
s  (fig.  24). 

Figure  24.  --Fusiform  rust  may  kill  or  damage  a  tree  when  the  infection  occurs  in 

the  stem.  The  tree  at  left  has  a  canker  near  the  butt  and  will  probably  die  or 

break  before  producing  merchantable  material.  The  tree  at  right  may  reach 

merchantable  size,  but  the  canker  near  the  butt  will  result  in  the  culling  of  2  or 

more  feet  of  the  butt  log.     Both  trees  are  9  years  of  age. 



When  stands  reach  merchantable  size,  the  presence  of  cankers  on  the 
stems  of  trees  becomes  of  great  economic  importance.     Siggers  (1955)  gave 

some  examples  of  cull  in  saw  logs  from  fusiform  rust  cankers.  Citing  a  par- 

ticular loblolly  stand  he  stated  ". .  .the  average  cull  due  to  30  stem  cankers 
of  branch  origin  was  76  board  feet."     Cankered  wood  is  also  undesirable  for 
paper  manufacture  because  of  the  problem  of  debarking  the  cankered  portion 
of  the   stem  and  inclusions  of  overgrown  bark.      Fiber  quality  may  also  be 
lowered.     As  mentioned  earlier,  the  plantation  from  which  most  of  the  slash 

parent  trees  were  selected  had  71  percent  of  the  trees  infected  with  stem  can- 
kers of  fusiform  rust. 

The  infection  period  of  pines  by  fusiform  rust  is  closely  related  to  cli- 
matic  conditions;  thus,  the  amount  of  infection  in  any  given  year  may  vary 

widely,   according  to  the  particular  climatic  situation  that  season.     Prelimi- 
nary examination  of  the  Callaway  data  on  slash  pine  indicates  that  heavy  rust 

infection  took  place  in  the  plantations  made  in  1952  and  1953.   Plantations  made 
in  1954  and  1955  had  relatively  light  infections  of  fusiform  rust,  when  examined 
in  1957.     The  analysis  of  rust  infection  data  was   confined  to  studies  102  and 
103  because  of  their  age  and  because  of  the  relatively  light  infection  in  the 
other  studies. 

A  count  of  rust-infected  trees  was  made  in  study  102  after  3  years.     The 
percent  of  trees  free  of  mast  infection  ranged  from  38  to  91 .  The  rust  data  col- 

lected in  1957  at  age  6  years  included  a  tally  of  the  number  of  branch  cankers 
and  the  number  of  stem  cankers  for  each  individual  tree  (table  21).     The  data 
were  tabulated  in   such  a  way  that  the  various   combinations  of  rust  infection 

could  be  examined.     The  percent  of  trees  free  of  rust  in  each  plot  was  deter- 
mined and  an  analysis  of  variance  was  completed  using  the   arcsin  /percent 

transformation  (table  22  and  fig.  25).    It  was  found  that  there  were  differences 
in  rust  infection  among  lots  significant  at  the  1  percent  level. 

Table  21.  --Fusiform  rust  infection  after  6  years  in  the  field,   study  102 

Lot :    Total  trees    : Trees  free  of  rust     : Trees  with  branch 
cankers  only [      Trees 

■    and /or 
with  branch 
stem  cankers 

Number _       _       _        _      TD /!i  V> /^  f!i . 
-   -   -   -  r'tii  Cent  -    -   -   - 

C-4 60 58 13 

28 

C-6 72 
51 

18 31 

C-7 68 
47 

21 32 

C-10 245 
51 

26 24 

C-37 216 69 11 20 

C-50 193 
40 

16 44 

C-51 198 51 22 27 

C-54 

51 

88 6 6 

C-56 
68 

49 19 32 

C-59 
37 84 11 

5 

C-60 26 
50 

35 15 

C-61 177 60 12 27 

C-62 82 

37 27 

37 

C-63 
56 

75 4 21 

C-65 243 60 21 18 
Sou.   Miss. 

53 
25 17 

58 
New  Orleans 31 

26 23 
52 

Control Seedlings 76 34 17 49 

Control  Seed 118 39 28 33 



Table  22.  --Percent  of  trees  without  fusiform  rust  infections  after  6  years, 

study  102,   and  5  years,   study  103^ 

Study  102 

Lot 
:  Trees  : 

Total  :without:Multiple  range  test 

Study  103 

"Lot 

trees  :  rust   : (level  of  significance) 

2/ 

:    Trees   : 
Total    : without: Multiple   range   test 
trees   :    rust      : (level   of   significance) 

2/ 

Number Percent 

C-54 
51 

88 

C-63 56 76 

C-59 37 73 

C-37 216 70 

C-65 243 61 

C-61 177 61 

C-4 60 
59 

C-10 245 
52 

C-51 198 51 

C-56 68 
49 

C-60 
26 

48 

C-6 
72 

47 

C-7 68 41 

C-50 193 

41 

Control Seedlings 76 37 

C-62 82 37 

Control Seed 118 35 

New  Orleans 31 26 

Sou.    Mi 3S. 53 19 

5  percent 1   percent Number Percent   5  percent 
C-51 

87 78 
C-37 

84 

73 C-65 
81 

71 

C-4 

76 

69 Callaway 

76 

69 

Control   Seed 67 67 

C-6 

77 66 C-63 
91 

60 

C-10 

97 

59 A- 2 
67 57 C-58 
92 57 C-134 
69 53 

C-7 67 51 

A-1 49 48 
New  Orleans 81 48 
C-50 

89 48 

Control   Seedlings 43 

45 

Sou.    Miss. 87 38 

CB-74 
88 38 

CB-23 

71 

32 

CA-82 82 32 

1   percent 

\J  Percent  data  were  transformed  to  arcsin  /percent  for  analyses.     Discrepancies  between  values  in 
tables  21  and  22  are  due  to  mathematical  procedures  used. 

2/  Values  not  included  in  the  ssime  bracket  are  significsmtly  different  at  the  indicated  probability  leve! 

Analysis  of  Variance   102 

Source d.f . s.s. "F" 

Blocks 
Lots 
B   X  L   ( error) 

2 
18 
36 

1,705 
6,323 

2,848 

10.78** 

4.44** 
Total 56 10,878 

Analysis   of  Variance   103 

Source 
d.f. s.s. 

"F" 

Blocks 
Lots 

3 
20 

811 

5,231 4.41* 

4.27** 

B   X  L   ( 
error) 

60 

3,678 
Total 83 

9,720 
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Figure  25. --The  relationship  of  percentage  of  trees  without  fusiform 
rust  for  each  progeny  group  at  different  ages.  Study  102  was  ex- 

amined at  3  and  6  years  (left),  and  study  103  was  examined  at  2  and 
5  years  (right). 



An  analysis  of  variance  of  the  average  number  of  cankers  per  tree  indi- 
cated that  there  were  no  significant  differences  among  lots,  although  there  was 

a  highly  significant  difference   between  blocks  (table  23);  block  III  was  appar- 
ently lower  in  number  of  cankers  per  tree  than  the  other  two.   The  great  amount 

of  variation  within  lots  and  also  within  blocks  is  of  interest.    For  instance,  one 

might  examine  the  number  of  cankers  per  tree  for  lots  C-60  and  C-63.     There 
seems  to  be  no  simple  explanation  for  the  erratic  behavior  of  lots  in  the  differ- 

ent blocks. 

Similar  data  have   been  collected  for  study  103   and  identical  analyses 
were  performed.   The  percentage  of  trees  free  of  rust  after  2  years  in  the  field 
varied  from  40  to  95  among  lots.     After  5  years  in  the  field  the  percentage  of 

trees  free  of  rust  varied  from  32  to  78.     The  analysis  of  variance  of  the  trans- 
formed percentage  values  again  indicated  highly  significant  differences  (table  22). 

Once   again  the   degree  of  rust  infection  in  the  various  blocks  within  lots  was 
quite  variable.     An  analysis  of  the  number  of  cankers  per  infected  tree  again 
showed  nonsignificant  differences  among  lots,   but  significant  differences  were 
encountered  among  blocks.      Blocks  I  and  II  had  a  higher  infection  per  tree; 
however,  the  degree  of  infection  in  terms  of  percent  of  trees  infected  was  little 
different  between  blocks  I  and  III,   or  between  blocks  II  and  IV. 

Table  23. --Number  of  cankers  per  rust 

infected  tree,  study  102,  age 

6  years 

Block 

Lot Average 

I 

•     II 

Ill 

NTumbe 

r  -  - 
C-4 3.4 2.9 1.2 

2.50 
C-6 2.2 2.1 1.1 1.80 
C-7 3.0 1.4 1.2 1.87 

C-10 2.0 2.2 1.8 2.00 
C-37 2.7 1.6 1.4 1.90 

C-50 2.0 2.3 1.5 1.93 
C-51 2.2 2.1 1.4 1.90 
C-54 1.0 2.0 

1.5 
1.50 

C-56 2.8 
1.4 

1.8 
2.00 

C-59 1.0 2.7 1.0 1.57 
C-60 3.5 1.8 1.0 

2.10 
C-61 2.2 1.5 1.1 1.60 
C-62 2.8 2.9 1.4 2.37 
C-63 2.4 2.9 

4.5 
3.27 

C-65 1.7 2.0 
1.5 

1.73 
Sou.   Miss. 2.3 2.2 2.5 

2.33 
New  Orleans 2.7 2.9 1.4 2.33 
Control  Seedlings 
Control  Seed 

2.4 
2.7 

2.2 
2.4 

1.7 
2.2 

2.10 

2.43 

Analji sis  of  Variance 

Source d.f. s 

s. 

"F" 

Blocks 2 5.417 
6.60** Lots 

18 
9. 270 1.26NS 

B  X  L  (error) 
36 

14. 
743 

There  were  two  lots  which  showed 

an  increase  in  the  percent  of  trees  free 
of  rust  from  2  to   5  years   (fig.  25).     In 
both   instances,    there   was   appreciable 

mortality  during  the  3 -year  period.     In 
the  case  of  lot  A -2,   there  was  a  loss  of 
seven  trees   and   in  the  case  of  A-1,    a 
loss  of  eight  trees.     Though  no  records 

are  available,  this  mortality  was  prob- 
ably attributable  to  rust  infection.     The 

loss   of  these    trees    was    sufficient  to 

change  the  percentage  value  appreciably. 

Records  of  the  cause  of  mortality 
in  the  various  plots   during  the   second 
and  later  years  have  not  been  maintained 
so  that    it   is   impossible    to  determine 
what  proportion  of  the  mortality  can  be 
attributed  to  fusiform  rust.      However, 

mortality  attributable  to   rust  is  prob- 
ably in  excess  of  95  percent.     Mortality 

from  other  causes  has  been  rare.     Be- 
cause it  is  important  to  know  the  amount 

attributable  to  rust,   future  records  will 

be  kept  on  cause  of  death.    Similar  rec- 
ords should  be  kept  on  all  progeny  tests 

of  susceptible  species. 

Total 56 29.430 



Where  fusiform  rust  cankers  occurred  only  on  branches,  natural  pruning 

has  sometimes  removed  them  from  the  trees  so  that  a  tree  may  have  been  re- 
corded at  one  age  with  rust  infection  and  later  be  recorded  as  free  of  rust.     If 

the  infection  is  within  18  inches  of  the  stem,   there  is  a  good  possibility  that  it 
will  enter  the  stem  within  3  years  and  become  a  serious   stem  defect  (Harms 

1961).    This  occurrence  of  natural  pruning,  which  might  remove  branch  infec- 
tions from  trees,   is  a  complicating  factor  in  the  selection  of  individual  trees 

for  resistance  to  fusiform  rust.     Unless   detailed  records  were   maintained 

throughout  the  life  history  of  the  individual  tree,  it  would  be  impossible  to  know 
whether  an  infection  had  occurred  at  an  early  age  and  the  canker  lost  because 
of  death  and  natural  priming  of  the  branch. 

Our  progeny  tests  indicate  that  there  are  wide  differences  in  suscepti- 
bility among  progenies  of  different  mother  trees.     Conceivably,   some  of  the 

mother  trees  may  themselves  be  susceptible,   but  have  lost  their  cankers  by 
natural  pruning.     Some  of  the  mother  trees  have  become  infected  since  the 
original  selections  were   made  for  these  progeny  tests.     We   also  have  no 
measure  of  the  amount  of  pollen  which  might  have  come  from  susceptible  male 
parents.     However,  the  range  of  susceptibility  of  the  different  progeny  groups 
leads  one  to  believe  that  selection  for  resistance  to  rust  would  be  profitable. 

Control  lots  generally  had  high  infection  rates.    Within  a  few  years,   control- 
pollinated  material  from  a  number  of  these  parents  should  tell  us  a  great  deal 
more  about  the  amount  of  resistance  and  give  us  some  figures  which  can  be 
translated  into  heritability  values  for  resistance  to  southern  fusiform  rust. 

Progenies  from  11  parent  trees  are  common  between  studies  102  and  103, 
Data  for  these  11  progenies  were  extracted  and  analyzed  separately  for  each 

study  and  then  put  into  a  combined  analysis  of  variance  (fig.  26).     For  each  in- 
dividual study,    highly  significant  differences  were  found  among  progenies.     In 

the  combined  analysis,  the  Lot  X  Year  interaction  was  tested  and  found  to  be  not 
significant.      Year  and  lots  were  both  found  to  be  significant  at  the  5  percent 

level.      The   "F"   value  for  lots  with  combined  error  is  only  slightly  below  that 
needed  for  a  1  percent  test  of  significance. 
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Figure  26,  --The  relationship  of  the 
percent  of  trees  without  fusiform 
rust  in  studies  103  (5  years  old) 
and  102  (6  years  old). 



The  correlation  of  rust  infection  with  growth  characteristics  and  the  effect 
of  the  rust  on  growth  rates  of  individual  trees  was  discussed  in  the  section  on 
Growth  Characteristics.     The  relatively  low  correlations  between  number  of 
cankers  per  tree  and  total  height  at  ages  2  and  3,  and  between  number  of  can- 

kers and  height  growth  during  the  second  and  the  third  growing  seasons  for 
studies  102  and   103  seem  adequate   evidence  that  resistance  to  rust  has  a 
genetic  basis,   and  rate  of  growth  per  se  is  not  an  important  factor  in  deter- 

mining the  susceptibility  of  an  individual  tree  to  infection.      This  supports  the 
findings  of  Bethune  and  Roth  (1960)  and  Barber  and  VanHaverbeke  (1961).    It  is 
also  a  very  encouraging  possibility,   for  in  a  practical  sense,   it  means  that  we 
can  expect  to  find  trees  which  grow  rapidly  and  have  an  inherent  resistance  to 
fusiform  rust.      If  rust  infection  is  not  highly  correlated  with  growth,   we  can 
hope  to  include   rust  resistance  in  multiple  factor  selection  with  a  great  deal 
of  success. 

The  relatively  high  rate  of  fusiform  rust  infection  in  the  two  lots  of  seed 
from  the  Gulf  Coast  is  of  interest  (table  22).    All  individual  parent  trees  com- 

mon to  studies  102  and  103  represent  two  lots  of  seed  collected  in  different 

years.     The  seed  source  "Sou.  Miss."  and  the  one  labeled  "New  Orleans"  are 
the  same  lots  of  seed  planted  in  both  years.     The  fact  that  these  two  lots  were 
heavily  infected  in  both  years  and  maintained  their  relative  position  indicates 
that  the  field  trials  are  probably  valid  measures  of  the  natural  incidence  of 
fusiform  rust.  Another  point  of  interest  is  the  very  heavy  incidence  of  fusiform 
rust  in  lots  CB-74,   CB-23,  and  CA-82.   These  three  lots  of  seed  represent  in- 

dividual parent  selections  made  from  slash  pine  plantations  in  Australia.     The 
seed  were   sent  to  the  Callaway  Foundation  for  inclusion  in  their  tests.     Of 
course,  this  is  probably  a  chance  occurrence  that  all  three  lots  performed  so 
poorly,   but  fusiform  rust  does  not  exist  in  Australia  and  thus  there  was  no 
opportimity  for  natural  infection  of  the  parent  trees  either  in  the  nursery  or  in 
the  field.     Consequently,  there  was  no  opportunity  for  the  Australian  foresters 
to  select  trees  which  might  be  resistant  to  rust.     The  Australians  do  not  know 
the  original  source  of  the  seed  for  the  plantations  from  which  these  trees  were 
selected.     The  seed  might  have  been  collected  from  stands  of  slash  pine  which 
have  a  low  inherent  resistance  to  the  disease,    such  as  indicated  by  the  lot  of 
seed  from  Southern  Mississippi.     The  high  amount  of  fusiform  rust  in  studies 
102  and  103  at  the  Callaway  Foundation  offers  the  opportunity  for  selection  of 
trees  resistant  to  fusiform  rust  and  desirable  for  other  characteristics.    With 
the  high  degree  of  infection  which  has  occurred,  it  is  unlikely  that  a  very  large 
portion  of  the  rust -free  trees  can  be  considered  true  escapes.     Undoubtedly,   a 
large  population  of  fusiform  rust  spores  has  existed  throughout  the  testing  area 
during  periods  which  were  optimum  for  infection  to  occur. 

A  considerable  amount  of  control -pollinated  material  involving  a  number 
of  parent  trees,  including  C-37  and  C-65  which  appear  to  be  among  those  more 
resistant  to  rust  in  this  test,   has  been  established  in  the  Callaway  progeny  test 
area  and  also  in  an  area  of  high  rust  hazard  in  Bleckley  County,    Georgia. 
This  material  was  outplanted  in  1957.   The  choice  of  these  parents  for  develop- 

ing rust  resistance  was  made  on  the  basis  of  early  field  observations  of  the 

open -pollinated  progeny  groups.    Only  time  can  tell  whether  the  choice  of  par- 
ents was  a  sound  one  and  whether  the  development  of  resistant  strains  of  slash 

pine  might  be  amenable  to  a  relatively  simple  solution.     Immunity  is  not  ab- 
solutely necessary  from  a  practical  viewpoint,   only  a  high  degree  of  resistance. 
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OTHER  DEFECTS 

In  earlier  sections  the  undesirable  effects  of  poor  crown  characteristics, 
slow  natural  pruning,   and  disease  have  been  pointed  out.      In  addition  to  these 
characteristics,    stem  straightness  and  forking  tendencies  are  also  important 
factors  of  form  and  quality.     Recent  research  at  North  Carolina  State  College 
(1958)  indicates  that   compression  wood  is   associated  with  even  minor  stem 
crook  or  sweep.   This  compression  wood  yields  pulp  of  low  strength  and  causes 
warp  and  other  drying  defects  in  lumber.      Forks  and  ramicornsl/  cause  cull 
in  the  logging  operation  and  also  produce   large   knots   and   irregular  grain  in 
lumber. 

Each  tree  in  studies  102  and  103  was   evaluated  for  fork,   crook,   and 
sweep  in  1957.   The  studies  were  6  and  5  years  old,  respectively.    Any  attempt 
at  evaluation  of  this  sort   may  be  premature;   however,    many  of  these  trees 
exceeded   17  feet  in  height,   which  represents  the  butt  log  of  a  sawtimber  tree, 
or  three  pulpwood  bolts.     Defects  in  this  portion  of  the  trunk  will  affect  a  large 
portion  of  the  merchantable  volume  of  the  tree  when  harvested. 

Unquestionably,   a  number  of  the  trees  tallied  as  showing  crook  or  sweep 
may  not  show  it  when  they  reach  a  merchantable   size  for  sawtimber  because 
the  growth  of  the  stem  will  mask  these   now  observable   minor  features.     But 
even  if  these  slight  crooks  are  masked  when  the  tree  reaches  a  larger  diam- 

eter, it  does  not  correct  the  poor  quality  wood  now  being  produced.   The  com- 
pression wood  formed  at  young  ages  remains  compression  wood  and  it  causes 

degrade  in  lumber  and  reduces  the  strength  of  pulps. 

Mergen  (1955)  reported  on  the   inheritance  of  deformities  in  slash  pine 
based  on  data  from  progeny  tests  at  Lake  City,   Florida.      Working  with  both 
open-  and  control -pollinated  material,  Mergen  found  that  crooked  parent  trees 
produced  a  significantly  greater  number  of  crooked  offspring  than   straight 
trees.      Ehrenberg  (1958)  described  the  occurrence  of  some  deformities  in 
Scotch  pine  based  on  crosses  carried  out  between  good  and  poor  phenotypes. 
The  progenies  of  crosses  between  plus  trees  were  best  and  progenies  where 
one  or  both  of  the  parents  were  minus  trees  had  a  high  frequency  of  abnormal 
development.     Ehrenberg  attributed  much  of  this  effect  to  the  genetic  consti- 

tution of  the  tested  minus  trees.    It  has  been  reported  from  South  Africa  (Union 
of  South  Africa,    Department  of  Forestry    1948)  that  poor   stem  form  in  slash 
pine  appears  to  be  correlated  with  vigor;  that  is,  the  more  vigorous  trees  have 
the  poorer  form.     This  does  not  appear  to  be  the  case  in  the  Callaway  Planta- 

tions.     It  was  also  reported  from  South  Africa  that  in  Pinus  radiata  D.  Don  a 
high  percentage  of  the  progeny  reproduced  the  morphology  of  the  mother.     It 
was  concluded  that  defects   in  the   crown  and  leading  shoot  are   inheritable. 
Peter-Contesse  (1941)  in  his  discussion  of  heredity  and  selection   stated  that 
tall,   upright  beech  gave  erect  seedlings  and  that  poor  trees  gave  excessively 
branched  seedlings  that  produced  inferior  trees. 

7/  A  ramicorn  is  a  branch  of  abnormally  large  size  which  occurs  at  a  very  acute  angle.  Ramicoms 
create  large  knots  and  are  slow  to  self -prune  and  heal. 



In  addition  to  reports  attributing  forking  and  other  defects  to  heredity, 
there  are  others  that  indicate  some  types  of  forking  and  other  poor  form  may 
be  attributed  to  environment.     A  relationship  between  forking  and  site  quality 
has  been  confirmed  in  Australia  (Commonwealth  of  Australia,   Forestry  and 
Timber  Bureau   1954);  forking  decreased  as  site  quality  index  increased  from 
I  to  VII.     B0rset  (1951)  carried  out  a  progeny  test  of  trees  selected  at  varying 
distances  from  an  ocean  shore.    He  found  no  correlation  of  the  growth  or  form 
of  the  open -pollinated  progeny  with  the  parent.     Shrubby  trees  along  the  shore 
gave  progenies  as  good  as  others  further  from  the  ocean.    In  this  instance,  the 
phenotypes  of  the  parent  trees  were  probably  affected  by  the  severe  climatic 
situation  in  proximity  to  the  shore. 

In  the  past  many  people  have  thought  that  forking  was  closely  related  to 
amount  of  injury.      In  some  circumstances,   as  will  be   seen  in  some   of  the 
Callaway  data,  this  may  be  true.    However,  in  general,   forking  does  not  nor- 

mally occur  in  slash  pine  after  injury  unless  the  tree  has  an  inherent  tendency 
for  that  defect.     Following  injury  to  the  terminal  shoot,   one  or  more  buds  or 
branches   develop   into  vigorously  growing  terminals.      Usually  within  a  few 
weeks,  one  of  these  begins  to  achieve  dominance  and  soon  replaces  the  original 
leader;  the  other  branches  assume  their  positions  as  laterals.      Sometimes  if 
only  two  or  three  branches   are   competing,   the  lesser  branches   may  develop 
into  ramicorns.      If  forking  were  the   normal  occurrence   after  injury  in  the 
southern  pines,  it  would  be  almost  impossible  in  some  species,  such  as  loblolly 
and  shortleaf  pine,  to  find  an  unforked  tree,   for  it  is  characteristic  of  these 
species  when  young  to  have  their  terminal  buds  destroyed  two  or  more  times 
each  growing  season  by  tip  moth  (Rhyacionia  frustrana  Comst.  ).     Slash  pine  is 
also  occasionally  attacked  by  various  species  of  tip  moth. 

The  general  form  and  branching  characteristics  of  the  parent  trees  in- 
volved in  these  studies  have  been  discussed  earlier.    However,  I  would  like  to 

point   out  again  the   degree   of  crook  occurrence   in  parent  tree  C-4  (fig.  27). 
The  stem  had  many  small  crooks  and  most  of  the  branches  also  were  crooked. 
Parent  tree  C-65  apparently  had  a  tendency  for  the  formation  of  ramicorns, 
five  were  evident  on  the  parent  tree. 

At  the  end  of  the  third  growing  season,   a  tally  was  made  of  all  trees  in 
study  102  recording  the  occurrence  of  forks  and  ramicorns.     These  data  (table 
24)  were  converted  to  percentages  and  an  analysis  of  variance  was  performed 
using  the  arcsin    \/percent  transformation  of  the  data.     The  analysis  showed 
highly  significant  differences  among  lots,   and  no  significant  difference  among 
blocks.      The  progeny  of  tree  C-65  was  not  particularly  poor  in  terms  of 
number  of  forks  and  ramicorns  occurring,   though  the  parent   contained  five 
ramicorns. 

In  1957  additional  data  were  taken  on  the  occurrence  of  defects  in  studies 
102  and  103,  ages  6  and  5  years,  respectively.  Each  tree  in  the  progeny  tests 
was  examined  and  the  occurrence  of  forks  and  ramicorns  tabulated.  These 

data  were  recorded  in  separate  categories  by  the  occurrence  of  single  or  mul- 
tiple forks  and/or  ramicorns.  However,  tabulation  and  inspection  of  the  data 

indicated  that  it  would  be  desirable  to  pool  the  classifications  for  analytic  pur- 
poses.   In  addition,  a  visual  estimate  of  the  straightness  of  the  individual  trees 



Figure  27, --Parent  tree  C-4 
selected  for  poor  form  and 

crook,  but  with  rapid  diam- 
eter growth.  The  breakage 

in  the  crown  resulted  from 
a  severe  wind  storm.  (Photo 
at  age  20.) 

was  also  recorded.  These  data  were  recorded  as  crook,  sweep,  or  spiral,  but 
again  inspection  of  data  suggested  that  it  would  be  best  to  pool  the  data  for 
analysis.  For  both  sets  of  data,  percentages  of  occurrence  were  computed  and 
the  arcsin    \/percent  transformation  was  used  for  analyses  of  variance. 

The  analyses  for  study  102  at  age  6  years  indicated  that  the  only  signifi- 
cant differences  among  the  progeny  groups  were  in  the  percent  of  trees  having 

crook  defect  (table  24).     The  significant  differences  for  the  percent  of  trees 

with  fork-tjTDe  defects  in  1954  were  not  obtained  in  the  1957  analysis.  Although 
exact  data  are  unavailable,  there  is  one  factor  that  probably  contributed  to  this. 

In  late  March  1955,    a  severe  freeze  occurred  in  the  Southeast,   and  tempera- 

tures in  the  area  of  the  Callaway  Foundation  dropped  below  20°  F.      Many  of  the 
trees  in  these  progeny  test  plantations  had  commenced  vigorous  spring  growth 
prior  to  that  time.     A  considerable   amount  of  freeze  injury  was  observed  on 
the  new  shoot  growth.   This  occurrence  of  injury  was  much  more  noticeable  in 
some  progeny  groups  than  others.      Those  that  apparently  flushed  earlier 

seemed  to  be  damaged  most  severely.     The  progeny  of  tree  C-37  were  espe- 
cially noticeable.    It  was  observed  later  in  the  growing  season  that  competition 

among  the  new  shoots  formed  after  the  freeze  damage  was  more  uniform  than 
under  normal  conditions  of  injury,    such  as  broken  tips  or  insect  damage.     It 

appeared  that  in  many  cases  a  single  shoot  did  not  express  dominance  imme- 
diately,  as  is  usually  the  characteristic  of  slash  pine;  frequently  this  domi- 

nance was  not  expressed  until  the  following  growing  season.     Although  some 
injury  was  noticed  in  study  103,   more  occurred  in  the  older,   more  vigorous 
trees  of  study  102. 



Table  24.  --The  occurrence  of  stem  defects,   study  102^^ 

59 

Forks  and/or  rami corns  (3  years) 

Multiple  range  test 
Average   ^j^^y^^  ̂ j  significance) 

Crook  (6  years) 

. Average 
Multiple  range  test 

(level  of  significance)— 

2/ 

(6  years).;: 

•  Average 

-54 22 
-60 22 
-61 22 
-62 

24 -37 23 
-65 28 
-59 28 
-6 29 
-63 

30 

-50 
31 

-10 31 
-7 32 
-51 32 
-1 

35 

ontrol Seedlings 41 
Dntrol Seed 42 

Percent    5  percent    1  percent 

w  Orleans 
u.  Miss. 

45 45 

60 

C-61 

39 

C-62 

41 

C-10 
51 

Control  Seedlings 54 
C-56 

61 

C-51 
62 C-54 
63 C-65 
63 C-37 
63 

C-63 67 
Sou.  Miss. 67 
C-50 68 
Control  Seed 

70 

C-7 
70 

New  Orleans 72 C-59 
74 

C-6 74 

C-4 
90 C-60 

91 

5  percent 

c-4 

3 

C-6 9 

C-7 

17 

C-10 

15 C-37 

18 

C-50 

16 

C-51 

14 C-54 
22 

C-S6 
9 

C-S9 

13 
C-60 

17 

C-61 

29 

C-62 

23 
C-63 

28 C-65 

15 

Control Seed 11 
Control 

Seedlings 
23 

Sou.  Mi ss . 9 
New  on eans 15 

=  3.399 
=  6.097 

Percent  data  were  transformed  to  arcsin  Vpercent  for  analyses . 

Lots  not  included  in  the  same  bracket  are  significantly  different  at  the  indicated  level  of  probability. 

No  significant  differences  occurred. 

Analysis  of  Variance  (Forks) 

liurce        d .  f .        s .  s .      "F" Source 

Analysis  of  Variance  (Crook) 

d.f.        s.s.      "F" Source 

Analysis  of  Variance  (No  defect) 

d.f,        s  s         "F" 
ocks  2  191.25 

ts  4  18  2269.75 
X  L  (error)  -'35  1212.83 
tal  55  3673.83 

Reduced  for  missing  plot  data. 

2.76NS 

3.64** 

Blocks  2 
Lots  18 

B  X  L  (error)  36 

Total  56 

205.48 

3985.98 
4014.98 

0.92NS 

1  .99* 

Blocks 

Lots B  X  L  (error) 

Total 

2 

18 

36 

56 

176.32 
2235.33 

3396.92 

0.94NS 

1  32NS 

The  analysis  of  the  5 -year  (iata  for  study  103  indicates  highly  significant 
differences  among  progenies  for  percent  with  forks,  percent  with  crooks  (table 
25a),  percent  with  both  forks  and  crooks,  and  percent  free  of  defect  (table  25b). 

Parent  tree  CB-74,   one  of  the  Australian  selections,    seems  to  be  superior  to 
any  of  the  Callaway  selections  in  the  occurrence  of  these  defects.      The  low 
percentage  of  forking  among  this  progeny  is  especially  striking.     The  progeny 

of  tree  C-4  is  again  very  low  in  the  ratings.     A  plotting  of  the  percent  trees 
with  fork  over  percent  trees  with  crook  shows  no  strong  relationship  (fig.  28). 

The  relationship  of  the  percent  of  trees  free  of  defect  in  study  103  to  the 
percent  of  trees  free  of  defect  in  study  102  for  the  same  parent  is  fairly  strong 

with  the  exception  of  parents  C-65  and  C-51.    These  two  fall  somewhat  out-of- 
line.     A  similar  plotting  of  the  percent  of  trees  with  crook  defect  (fig.  29)  also 
shows  a  fair  relationship,  with  the  exception  of  one  or  two  progeny  groups.   The 

graphic  comparison  of  fork -type  defect  between  progeny  of  common  parentage 
in  the  two  studies  shows  a  somewhat  weaker  relationship.     This  weaker  rela- 

tionship is  possibly  explained  on  the  basis  of  the  freeze  injury  in  1955. 



Table  25a.  --The  occurrence  of  stem  defects  after  5  years,    study  103-^ 

Forks   and/or  ramicorns 

Average- 

Multiple  range  test 
: (level  of  significance 

)2/ 

■  Average" 
Multiple  range  test 

(level  of  significance)-^ 
Percent   5  percent    1  percent 

CB-74 
C-134 

10      "1 
20 C-7 

C-63 

23       J 

27 Control  Seed 

28 CB-23 29 
C-65 29 

CA-82 31 
C-50 

32 

A- 2 32 
C-58 32 

Control  Seedlings 

33 A-1 
35 

C-51 38 
Callaway 40 
New  Orleans 41 

C-4 43 
Sou.  Miss. 49 

C-6 

52 

C-10 52 
C-37 56 

Percent  5 

percent 
CB-74 

30 

C-51 
38 C-10 

50 
c-65 

54 

Control  Seedlings 54 

CB-23 55 

C-7 59 

Control  Seed 60 
C-37 

60 

Sou.  Miss. 

56 

C-63 66 

CA-82 
68 

New  Orleans 70 C-50 

72 

A-2 72 C-134 

73 

C-6 

74 

C-58 

77 

C-4 

79 

A-1 86 Callaway 

8a 

1  percent 

5.651 

1/   Percent  data  were  transformed  to  arcsin  "Vpercent  for  analyses. 

2/  Values  not  included  in  the  same  bracket  are  significantly  different  at  the  indicated  probability  level. 

Analysis  of  Variance 

Source d.f . 3.S. "F" 

Blocks 3 980 . 60 

4,78** 
Lots 

20 

4068.95 

2.97** 
B  X  L error) 60 4105.00 
Total 83 9154.55 

Analysis  of  Variance 

Source 
d.f. s.s. "F" 

Blocks 3 583.08 
1.52NS 

Lots 

20 

6558.93 

2.57** 

B  X  L  ( error) 

60 

7664.66 

Total 83 14806.67 

Table  25b.  --The  occurrence  of  stem  defects  after  5  years,  study  103- 

Fork  and  crook 
:   Multiple  range  test      : Lot 

Average  ,,    ■,       ̂        •       -r-  \W 

  ^^  : (level  of  significance)—^ 

No  stem  defects 
:        :   Multiple  range  test .Average.  (^^^^^  of  significance)^ 

Percent   5 

perc 

en 

t   1  pe re 
ent 

Percent   5  percent    1  pe rcent 

CB-74 

C-7 

1 
7 

-| 

- 
CB-74 
C-51 59      1 

38 

-| 

Control  Seed 
C-51 

10 
13 n 

C-65 

Control  Seedlings 

30 

34 
C-134 

15 
CB-23 

30 

CB-23 15 C-7 28 
C-58 

19 

C-63 

28 
C-G5 19 Control  Seed 26 

Control  Seedlings 19 
CA-82 

23 
C-50 21 

C-10 

22 

C-63 21 New  Orleans 21 

CA-82 23 

A-2 

20 

A-2 
23 

C-134 

20 
C-10 24 C-50 

19 
Sou.  Miss. 

27 

C-37 

17 

New  Orleans 32 A-1 13 

C-4 
32 

C-58 

13 
A-1 33 Sou.  Miss. 12 
C-37 33 C-6 11 
Callaway 

35 

C-4 8 

C-6 36 
Callaway 

7 - 

s„  =  4.876 
s„  =  5.047 

1/   Percent  data  were  transformed  to  arcsin  "Vpercent  for  analyses. 

2/   Values  not  included  in  the  same  bracket  are  significantly  different  at  the  indicated  probability  level. 

Source 

Analysis  of  Variance 

d.f.       s.s.     "F" 
Blocks  3 
Lots  20 
B  X  L  (error)  60 

Total  83 

Source 

430.53  I.GINS 

4G54.21  2.45** 
5705.44 

Analysis  of  Variance 

d.f.       s.s.     "F" Blocks  3 
Lots  20 
B   X   L    (error)  60 

Total  83 

182.19  0.59NS 

5300.85  2.56** 6201.83 
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Figure  28. --The   relationship  of  fork-type  defect  to   crook  in  study  103  at  5  years 
(left).    The  relationship  of  trees  free  of  stem  defect  in  studies  102  and  103  (right). 
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Figure  29. --The  relationship  of  crook  (left)  and  fork-type  defect  (right)  between 
studies  102  and  103. 



Considerable  difficulty  was  encountered  in  the  field  in  applying  the  crite- 
ria for  the  types  of  defects  discussed  here.    Forks,   of  course,   are  not  a  prob- 
lem to  classify  nor  are  the  large  ramicorns  (fig.  30).    However,   as  the  rami- 

corns  become  less  and  less  conspicuous,   it  is  more   and  more   difficult  to 

classify  them.    This  is  especially  true  in  the  case  of  1 -year-old  branches.    It 
is  also  quite  true  of  older  branches  so  positioned  that  upper  branches  tend  to 

suppress  them.      Many  of  the  ramicorns  present  as  1-,   2-,    and  3 -year -old 
branches  will  become   suppressed,   die,   and  prune  off  quickly,   and  will  not 
cause  a  major  defect.     However,   for  field  application,  there  seems  to  be  no 
established  basis  for  determining  which  of  these  branches  might  prune  and 
which  might  maintain  themselves  to  form  major  defects.     The  best  time  to 
evaluate  ramicorns  may  be  after  trees  have  reached  an  age  when  all  normal 
branches  in  the  whorl  containing  the  ramicorns  and  possibly  for  one  or  two 
whorls  above  it  have  died  naturally  and  pruned.    At  that  time,  it  will  be  much 
easier  to  determine  whether  or  not  the  ramicorn  will  form  a  major  defect. 

Forking  also  should  come  under  this  close  scrutiny.    It  has  been  observed 
that  trees  producing  apparently  equal  forks  may  grow  that  way  for  1  or  2  years, 
then  one  side  of  the  fork  will  gradually  lose  vigor  until  it  takes  the  position  of 
a  ramicorn;   and  of  course,   in  a  young  tree,   it  may  prune   naturally  before  it 
becomes  a  major  defect. 

Field  evaluation  of  crook  was 

extremely    difficult.     Young   trees 
which    are    absolutely    straight    are 

relatively  rare;   therefore,  the  prob- 
lem becomes  one  of  determining  when 

a  crook  or  sweep  will  be  recorded  as 
such.     The    limitations    of   time    and 

manpower    prevented    the  use  of  de- 
tailed measurement  techniques  where- 

by the  actual  horizontal  displacement 
of  the  stem  at  various  heights  could  be 
plotted  on  a  vertical   scale   for  exact 
determination.     In  working  with  young 

Figure  30. --This  8-year-old  slash  pine  ex- 
hibitstwo  typical  ramicorns.  These  limbs 
will  probably  persist  several  years  after 
other  adjacent  branches  have  died  and 
pruned,   cind  will  leave  large  knots. 



Figure  31. --This  8-year-old  slash  pine 
offspring  of  C-6  displays  repeated 
crook.  Trees  such  as  this  are  com- 

mon in  some  progeny  groups  such  as 
C-4  and  C-6. 

trees  that  have  crowns  nearly  to  the  ground,  it  would  have  been  extremely  dif- 
ficult to  establish  some  form  of  vertical  axis  without  interference  from  the 

branches  (fig.  31).     It  is  questionable  whether  or  not  the  observers  recording 
data  by  visually  classifying  the  trees  into  categories  of  straight,  sweep,  crook, 
and  spiral,    can  be  unbiased.      Variation  in  the  number  of  branches  at  a  whorl 
on  a  tree,  the  density  of  foliage,    and  the  distance  between  whorls  can  create 

somewhat  different  mental  images  of  the  straightness  of  a  stem.  When  evalu- 
ating trees  with  many  branches,    short  internodes,    and  dense   foliage,   one  is 

inclined  to  overlook  minor  sweep  and  crook  which  would  be  very  striking  in  a 
sparsely  branched  tree  with  long  internodes.     The  percentages  of  stems  in  the 

various  progeny  groups  tallied  as  having  a  crook-type  defect  are  evidence  that 
the  observers  were  very  critical.     In  spite  of  these  problems,  the  agreement 
of  the  percentages  recorded  in  the  progenies  of  the  common  parent  trees  in 
study  102  and  103  is  encouraging.     A  regression  was  computed  of  the  percent 

of  trees  with  crook-type  defect  in  study  103  on  similar  values  in  study  102  for 
the  11  comm.on  parents  (fig.  29).    A  highly  significant  regression  was  obtained, 
the  equation  being: 

Y  =  0.92  X 

where  Y  =  the  percent  of  trees  having  crook-type  defects  in  study  103 
X  =  the  percent  of  trees  having  crook-tj^je  defects  in  study  102 

These  data  tend  to  support  the  conclusions  of  others  that  parents  of  poor 
quality  tend  to  produce  more  progeny  of  poor  quality  than  do  phenotypically 
good  parents. 
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HERITABILITY 

The  degree  of  inheritance  of  different  traits  of  economic  worth  must  be 
known  before  a  selection  and  breeding  program  can  be  properly  designed  to 
take  advantage  of  the  genetic  constitution  of  the  individuals  concerned.    At  this 
relatively  early  point  in  the  history  of  the  breeding  of  forest  trees,   little  is 
known  of  the  degree  of  inheritance  of  various  traits   and  relatively  little  is 
known  about  the  economic  values  of  these  traits.  Heritability  has  been  defined 
generally  in  two  senses  (Bingham,   Squillace,   and  Wright  1960): 

^^      .^  ,  .,.^     ,  V       Additive  genetic  variance 
Heritability  (narrow-sense)  -    ^   ,    ,   :   "^  Total  variance 

..   ,.,.,/,  ,  X         Total  genetic  variance 
Heritability  (broad -sense)     =    ^  f  ,   ^   Total  variance 

Narrow-sense  heritability  is  the  one  applicable  to  the  Callaway  data. 

The  subject  of  inheritance  has  had  considerable  discussion  in  the  litera- 
ture of  plant  breeders.     Panse  (1940)   reviewed  and  discussed  the   literature 

available  on  the   inheritance  of  quantitative   characters   and  plant  breeding. 
Smith  (1944)  assembled  literature  on  the  inheritance  of  quantitative  characters 
in  plants.    In  general,  plant  breeders  are  working  with  more  complex  methods 
of  determining  heritability  than  can  be  used  by  forest  tree  breeders  at  the 
present.   This  is  primarily  because  forest  tree  breeders  do  not  have  the  great 
mass  of  material  with  known  pedigree  that  is  available  to  the  agronomists.     A 
recent  article  by  Matzinger,   Sprague,  and  Cockerham  (1959)  discussed  results 
of  diallel  crosses  in  maize  repeated  at  several  locations  and  in  several  years. 
They  found  that  the  genetic  components  of  variance  defined  over  environment 
indicated  little  variance  of  general  combining  ability  (additive),   but  consider- 

able variance  of  specific   combining  ability  (deviation  from  additive).     Their 
data  indicated  that  estimates  in  a  single  environment  were   subject  to  large 
biases  from  interactions  of  general  effects  with  year  and  location.     The 
Block  X  Lot  interaction  discussed  previously  in  the  growth  data  may  indicate 
that  estimates  of  genetic  variances  from  open -pollinated  progeny  tests  such  as 
these  of  the  Callaway  Foundation  will  be  of  little  value  until  we  have  sufficient 
data  to  get  the  average  of  a  number  of  estimates. 

Smith  (1944)  stated  that  quantitative  characters  usually  related  to  meas- 
urable  differences   in  degree   rather  than  in  kind  and  that  their  inheritances 

usually  exhibited  continuous   ranges.     He   also  considered  that   quantitative 
characters  were  particularly  susceptible  to  environmental  influence  and  that 
it  was   manner  of  reaction  under  a  particular  set  of  conditions  that  was  in- 

herited.    This  pointed  to  the  possibility  of  any  estimate  of  heritability  based 
on  a  small  sample  being  in  error.    He  further  concluded  that  typical  quanti- 

tative characters  were  under  the  control  of  a  large  number  of  similar  genes, 
relatively  small  in  effect,   nondominant  in  expression,    and  which  acted  in  a 
cumulative  manner.   Estimates  ran  from  10  to  200  genes  for  a  single  character. 

Bannister  (1959)  pointed  out  the  importance  of  the  range  in  variation  of 

the  characters  of  importance  and  estimated  that,    "There  are  in  New  Zealand 



perhaps  300,000,000  genotypes  of  Pinus  radiata  and  these  are  direct  descend- 

ents  of  a  comparatively  small  number  of  ancestral  genotypes."    Brown  (1959), 
in  his  discussion  of  the  inheritance  of  mildew  resistance  in  apple,   determined 
that  this  resistance  was  inherited  quantitatively  and  that  the  parents  varied  in 
their  contribution  to  progenies.  He  found  that  resistance  in  progenies  was  cor- 

related with  the  reaction  of  the  parent.     His  statistical  analyses,   based  on  in- 
complete  diallel  cross  data,   enabled  him  to  estimate  the   contribution  of  the 

parent  to  resistance  of  its  progeny,    and  he  extended  this  to  the  estimation  of 
the  mean  resistance  of  progenies  of  variety  crosses  in  the  absence  of  complete 
observational  data.   It  is  expected  that  most  characters  of  economic  importance 
in  forest  trees  are  inherited  quantitatively. 

Pawsey  (1960)  examined  four  disorders  and  defects  in  clones  of  Pinus 
radiata  (D.  Don)  and  concluded  that  heredity  was  important  in  the  occurrence 
of  each  one.     He  attributed  28  to  53  percent  of  forking  (including  ramicorns) 
to  heredity,  but  pointed  out  that  these  figures  might  be  high.   Other  character- 

istics examined  by  him  were  top  dieback,   fused -needle,   and  dead -topping,   all 
of  which  were  probably  related  to  soil,   nutrient,   and  water  conditions. 

In  an  effort  to  determine  the  variation  in  heritability  of  some  quantitative 
characters   in  Cryptomeria,   Toda  (1958)   compared  trees  from  a  42 -year-old 
seedling  stand  with  those  of  a  39 -year -old  clonally  propagated  stand.      In  each 
case  he  used  49  trees  and  grouped  the   material  as  if  he  had  7  replications  in 
order  to  sort  out  environmental  variance.   For  most  of  the  characters  he  con- 

sidered, the  coefficients  in  the  clonally  propagated  material  were  somewhat  less 
than  in  the  seedling  stand.     Table  26  contains  data  from  his  paper.     The  broad - 
sense  heritability  values  he  gave  are  applicable  only  for  clonal  propagation. 

Toda,    Nakamura,  and  Satoo  (1959)  made  determinations  of  the  heritability 

of  tree  height  and  stem  girth  based  on  open- pollinated  progenies  of  Cryptomeria. 
They  found  that  narrow- sense  herit- 

Tabie  26.  --Heritability  and  expected  effect  of  seiec-  ability  for  tree  height  was   0.265  and 
tion  in  seedling  Cryptomeria- -data  from  for    girth    0.260,        These   values    are, 

respectively,  39  and  45  percent  of 
the  broad- sense  heritability  previ- 

ously   discussed    for   this    species. 

Toda  (1958) 

Character Broad -sense ':  ̂ "^^^  °^  selection  Coefficients  of  variation  were  23.2 
heritability  :  ̂^^  spercent ;  Top  ipercent        percent   for  height  and   32.8  percent 
Percent  -  -  Percent  of  mean  -  -  lOr  girth. 

Recently,  Bingham,  Squillace, 
and  Wright  (1960)  presented  a  rather 
complete  discussion  of  heritability 
of  blister  rust  resistance  in  west- 

ern   white    pine    (Pinus    monticola 

Dougl.  ),  and  gave  estimates  of  her- 
        itability    and  rate  of  improvement 

Effect  of  selection  (percent  of  mean)  =  bascd  on  progeny  tcsts  of  a  number 
of    controlled    crosses.      For    this 

standard  deviation  x  heritability  x  selection  differential 

Mean 

Height 68 
13 

17 
Girth 58 22 28 

Taper 
72 

48 62 

Crown 
diameter 

61 

18 

24 Bark 

thickness 
68 

26 
34 Branch 

angle 
72 

17 
22 
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characteristic,   they  arrived  at  a  broad-sense  heritability  value  of  0.869  and  a 
narrow-sense  heritability  of  0.688.   They  also  developed  estimates  of  progress 
per  generation  which  ranged  from  18  to  24  percent.      They  commented  on  the 
possible  value  of  using  open -pollinated  progenies  for  estimates  of  heritability 
and,   based  on  their  data,  they  have  estimated  that  wind -pollinated  progenies 
may  have  to  be  3  to  4  times  as  many  trees  as  control -pollinated  progenies  for 
estimating  heritability  of  resistance  to  blister  rust.      They  attributed  part  of 
this  need  to  the  greater  variability  in  wind -pollinated  material  but  also  possibly 
to  accidents  of  pollination  in  a  given  year.   They  further  state  "...  also  because 
of  the  possibility  of  selfing,  especially  in  isolated  and/or  self-compatible  trees, 
wind -pollinated  progenies  may  never  give  a  reliable  test."     This  point  was  de- 

veloped in  the  discussion  of  resistance  to  white  pine  blister  rust. 

Squillace  and  Bingham  (1960)  presented  a  discussion  of  heritability  esti- 
mates with  special  reference  to  growth  rate  in  western  white  pine.    They  dis- 

cussed the  meaning  of  heritability  and  also  a  number  of  different  methods  for 
computing  these  values.      Their  analyses  were  based  on  height  growth  during 
the  fourth  year  from  seed.   They  had  available  to  them  parental  data  consisting 
of  height   growth  rate   per  year  during  the   last  10  years  and  both  open-   and 
control -pollinated  progenies.     Using  cross -pollinated  progenies,   they  arrived 
at  a  heritability  value  of  14  percent,    and  one  of  6.4  percent  for  open -pollinated 
progenies.     Using  correlation  methods  with  parents,  the  heritability  value  for 
height  growth  among  cross -pollinated  progenies  varied  from  11  to  21  percent, 
depending  upon  the   method  used.      Based  on  these  data,    estimates  of  genetic 
gain  per  generation  were  computed  and  varied  from  3.5  to  7  percent,  depending 
upon  the  level  of  selection. 

Using  a  method  described  by  Squillace  and  Bingham,   we  computed  herit- 
ability values  for  several  characteristics  for  studies  102  and  103  (tables  27,  28). 

In  every  case  the  heritability  values  for  study  103  are  somewhat  greater 
than  those  computed  for  study  102.   The  greater  variation  in  102  which  reduces 

"heritability"   is  probably  attributable  to  the  fact  that  there  were  only  three 
replications   and  also  to  the  great  differences  in  plot  size   in  study  102.     The 
effect  of  removing  trees   containing  stem  cankers  on  the  analyses  has  been  a 
reduced  value  for  within -plot  variances.     The  effect  on  the  among -plots  vari- 

ances has  not  been  consistent.    The  diameter  values  for  study  102  may  reflect 
complexities  because  of  differences  in  plot  size  and  the  wide  range  of  survival 
on  existing  plots. 

These  estimates  of  heritability  are  based  on  limited  data  from  studies  at 
one  location.      It  would  be  presumptuous  to  attempt  to  use  them  for  any  esti- 

mates of  genetic  gain  or  future   improvement  in  breeding  work  in  slash  pine. 

However,  one  cannot  examine  them  without  finding  encouragement  that  selec- 
tion and  breeding  in  slash  pine  will  be  profitable.     For  most  of  the  characters 

considered  in  this  paper,   it  would  be  possible  to  select  parents  which  exceed 
the  mean  of  these  studies  by  20  percent.     If  we  use  this  as  our  selection  dif- 

ferential,  and  apply  that  with  the  heritability  values  from  these  data,   we  can 
expect  to  achieve  gains  as  high  as  10  to  12  percent  for  some  characteristics, 
such  as  natural  pruning,   which  have  a  high  heritability.     Reliable  estimates  of 
heritability  and  gain  can  be  determ.ined  only  when  we  have  accumulated  similar 
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values  from  a  number  of  studies  planted  over  a  wide   range   of  conditions 
throughout  the  South. 

One  other   question  for  consideration  at  this  point  is  whether  estimates 
of  variances  computed  on  material  at  this  young  age  are  reliable  for  predicting 
values  at  later  ages.     This  we  do  not  know.    However,  it  would  seem  that  those 

trees  and  progenies  that  achieve  dominance  at  young  ages  will  probably  main- 
tain themselves  until  a  point  when  the  first  thinning  operation  takes  place  in  a 

forest  stand.    Beyond  that  point,  the  trees  remaining  for  further  production  will 
depend  upon  the  man  with  the  marking  gun.    Depending  upon  his  methods  and  his 
ideas,    any  combination  of  trees  with  various  traits  can  be  left  so  that  the  final 
yield  in  value  and  products  will  reflect  to  a  great  extent  the  ability  and  desires 
of  the  timber  naanager. 

Table  27.  --Analysis  of  variance  and  sample  computation  of  heritability  value -^  for  total 

height,    study  102,    8  years  of  age 

Source 
d.  f. 

Analysis  of  variance  (all  trees) 

Blocks 
Lots 

B  X  L  (error) 

Within  plots 

2 18 

36 1982 

61.7454 

236.6605 

309.5256 

43,109.1140 

30.8727 
13.1479 

8.5979 
21.7503 3.591=; 

1.53 

1/  kg   =  Harmonic  mean  of  trees  per  plot  =  57  (-^— r^yr-)   =  18.77 
O  1      7  RAO 

Ep  =   Environmental  variance  between  plots  =  8.5979  -        '     —  =  7.4391 
13  1479  -  8.5979 

F     =  Additional  variance  among  random  progeny  due  to  female  differences  =   ( — '■   ;: — '-   )  =  1.5167 

H     =   Heritability  (narrow-sense) 
4F 

H     = (w/in  m.  s.  )  +  E     +  F 

4  (1.5167) 6.0668 

21.7503+7.4391  +  1.5167        30.7061 0.198 

Table  28.  --Narrow-sense  heritability  values  for  open -pollinated  slash  pine  progenies 

ALL  TREES 

Study Age Height D.b.h. 
■      Natural  pruning     ]         Crown  width 

Years 

102 6 25 
102 8 20 

103 5 
35 

103 

7   '• 
34 

16 
6 

37 

34 

Percent 

36 

52 

19 

TREES  WITHOUT  STEM  CANKERS  OF  FUSIFORM  RUST 

102 6 13 
102 8 3 

103 5 
36 103 7 
37 

2 

-22 

34 
27 

50 

64 

16 
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SUMMARY  AND  DISCUSSION 

The  open -pollinated  progeny  tests  of  slash  pine  (Pinus  elliottii  Engelm.  ) 
established  by  the  Ida  Cason  Callaway  Foundation  since  1950  are  some  of  the 
older,  large-scale  progeny  trials  in  the  Southeast.    They  were  established  to 
determine  the  values  of  selected  trees  as  parents,    based  on  the  performance 
of  their  offspring.     The  Foundation  properties  lie  outside  the  natural  range  of 
slash  pine,   and  all  the   selected  parents   are  from  plantations   on  old -fie  Id 
Piedmont  sites.     Progenies  from  these  selected  parents  were  also  planted  on 
an  old -field  Piedmont  site  north  of  the  natural  range  of  slash  pine.    The  vari- 

ous parents   were  selected  for  different  reasons,    some  with  one  or  more  de- 
sirable characteristics,    others  with  one  or  more  undesirable  characteristics, 

and   some  with  combinations   of  good  and  poor   characteristics.     When  these 
selections  were  made  in  1950,  there  was  little  data  on  variation  and  heritability 
available  to  guide  the  formulation  of  selection  indices. 

Twelve  studies  involving  progenies  of  slash  pine  were  established  in  the 
outplanting  area  from  1952  through  1955.      Preliminary  analyses   were  run  on 
data  collected  from  all  12  studies  in  1957.   The  ages  after  planting  ranged  from 
6  to  3  years.      Analyses  of  data  collected  each  year  in  the  two  older  studies, 
ages  6  and  5,  respectively,  indicated  that  analyses  of  total  height  would  be  un- 

reliable during  the  first  several  years.     Because  of  this,    complete  analyses  of 
all  data  were  performed  only  on  studies  102  (established  1952)  and  103  (estab- 

lished 1953).     Additional  data  were  collected  on  these  two  studies  in  1959. 

Tables  29  and  30  give  summaries  of  the  data  and  show  the  mean  values 
for  each  lot  of  progeny  for  all  characteristics  measured,   at  the  oldest  age  the 
data  were  taken.     The  numerical  ranking  is  in  the  order  from  most  desirable 
to  least  desirable.   Care  should  be  exercised  in  comparing  the  rank  values  be- 

cause they  show  only  a  numerical  sequence  and  give  no  indication  of  the  actual 
differences  among  lots. 

Table  29.  --Values  and  ranking  for  various  characteristics  of  open -pollinated  progenies,   study  102 

Lot 

Average 

height- 
Rank 

:  Ave  rage 

: d.b.h. - 
Rank 

Pruning 

theight-'^ 

Rank 
Rust 

freei'^ 

Rank 

Crookl/ 

Rank 

Fork^
/ 

Rank 
:  Crown 

:Widthi^ 

Rank 

1-year 

survival 

Rank 

Feet Inches 
Feet 

Percent Percent Percent Ratio Percent 

C-4 22.40 8 5.02 4 
4.61 

16 59 7 

90 

18 75 19 
0.54 

8 88 4 

C-6 21.44 
15 

4.99 5 5.18 

13 47 12 

74 

16 

52 8 - 69 

16 

C-7 21.50 
14 

4.54 

17 

6.28 
6 

41 

13 

70 

14 
43 

3 - 79 

14 

C-10 22.20 9 4.82 10 
5.49 

9 52 8 51 3 

70 

17 

.54 8 85 10 

C-37 22.73 6 4.84 8 6.81 3 70 4 

63 

8 65 

13 

44 4 90 3 

C-50 22.55 7 4.60 

16 
5.33 

12 

41 

13 

68 

12 

50 6 

.38 

1 

87 

6 

C-51 22.12 

10 

4.76 

12 

5.49 9 50 9 62 6 

66 

15 

- 86 9 

C-54 24.34 2 5.15 3 7.17 2 

88 

1 63 7 45 4 .42 3 

87 

6 

C-56 24.99 1 5.16 2 7.26 
1 

49 

10 61 5 

70 

17 

.44 

4 

95 

2 

C-59 20.89 

17 

4.23 

18 

4.50 

17 

73 

3 

74 

16 34 

1 - 67 

17 

C-60 22.10 11 4.83 9 5.56 8 48 

11 

90 18 47 5 - 

87 

6 

C-61 21.65 
13 

4.81 11 5.46 

11 

60 6 

39 

1 60 10 - 85 

10 

C-62 22.03 
12 

4.74 14 5.12 14 

37 

15 40 2 64 

12 

- 80 

13 

C-63 23.96 3 5.35 1 
6.57 

5 

76 

2 66 

10 

40 

2 .40 2 98 1 

C-65 23.92 4 4.95 6 6.74 4 61 5 63 8 

67 

16 - 

84 
12 

Sou.  Hiss. 19.79 
18 

4.61 15 4.45 18 19 

19 

67 

11 

65 13 - 41 

19 

New  Orleans 19.43 
19 

4.44 18 3  79 19 

26 

18 

72 15 51 7 - 

39 18 

Control Seedlings 21.23 
16 

4.75 

13 

4.70 

15 

37 15 54 4 59 9 .52 6 

71 

15 

Control Seed 23.07 5 4.87 7 6.02 7 35 

17 

70 

13 

62 11 

.53 

7 88 J 
1/  Data  recorded  after  8  years  in  the  field. 
2/  Data  recorded  after  6  years  in  the  field. 
3/   Data   recorded   after  3   years   in   the   field. 

Only   blocks   one   and   two  of   indicated  progenies   were  measured 



Table  30.  --Values  and  ranking  for  various  characteristics  of  open -pollinated  progenies,   study  103 

Average 

height!' 

Average 

d.b.h.!' 

Pruning 

:height_' 

Rustg^, 

Crookl'
 

Crown 

width- 

2/ 

1-year 

Lot tRank :Rank :Ranl( 

f  ree-'
 

Rank Rank Rank 

Fork- 

Rank 
survival Rank 

Feet Inches Feet Percent Percent Ratio Percent Percent 

C-4 18.46 9 4,12 7 
3.14 

21 

69 4 

79 

19 

0,49 
20 

43 

17 

80 

16 

C-6 16.82 18 3.92 12 3.62 18 66 7 74 

17 

,48 

18 

52 

19 

83 

15 

C-7 19.86 6 4,30 4 4.96 3 

51 

13 59 7 

,41 

3 

23 

3 

68 

19 

C-10 19.88 5 4.40 2 
4.26 

8 58 9 

50 

3 

,47 

16 

52 

19 

99 1 

C-37 21  ,60 1 4,92 1 6.06 1 

73 

2 60 8 ,39 i 56 

21 

84 

14 

C-50 20  82 3 4,30 4 

4.43 

6 48 

14 

72 

14 

,40 

2 32 9 95 2 

C-51 17  42 

17 

3,96 10 4  ,10 11 

78 

1 38 2 

,41 

3 38 14 

91 

7 

C-58 20.95 2 4,31 3 
5.54 

2 56 11 77 18 42 7 32 9 93 5 

C-63 20  10 4 4,26 6 4,92 4 60 8 66 10 41 3 27 4 92 6 

C-65 18.99 7 4,04 8 
3.96 

13 

71 3 

54 

4 

42 

7 29 6 89 9 

C-134 18.16 11 
3,81 

14 

3.80 

17 53 

12 

73 

16 

.41 3 20 2 

85 12 

Sou.  Miss. 16,57 19 3.44 19 
4  33 

7 38 18 66 10 .45 11 49 

18 

94 4 

New  Orleans 17.76 
12 

3.79 

15 

3.93 
16 48 14 

70 

13 

.45 11 41 

16 

90 8 

CA-82 18.84 8 3.95 11 4.70 5 32 

20 

68 

12 

.42 7 31 8 86 11 

CB-23 17.53 15 3.53 

17 

4.14 10 32 20 55 6 48 18 

29 

6 88 10 

CB-74 16.16 20 
3.30 

20 

4.18 9 38 18 

30 

1 ,43 10 

10 

1 

95 

2 

A-1 17.60 

14 

3.56 16 3.94 15 

48 14 

86 20 ,46 

15 

35 

13 

60 20 

A- 2 17.45 

16 

3.52 

18 

4.01 

12 

57 10 72 15 ,51 21 32 9 80 

16 

Control  Seedlings 16  00 

21 

3,24 21 3.39 19 45 

17 

54 5 

,47 

16 33 

12 

33 

21 

Control  Seed 17.66 13 3,84 

13 

3,36 

20 

67 

6 60 8 45 11 

28 

5 85 

12 

Callaway 18.27 10 4.02 9 3  96 13 69 4 

89 

21 

,45 11 

40 

15 

80 

16 
1/   Data  recorded  after  7   years   in  the  field, 

2/   Data  recorded  after  5  years   in   the   field. 

The  survival  in  the  Callaway  progeny  test  plantations  has  been  acceptable 
in  most  cases,  though  significant  differences  in  survival  are  indicated  in  studies 
102  and  103.      These   differences   can  probably  be  attributed  to  the  condition  of 

the  nursery  stock  and  handling  before  and  during  the  planting  operation.     Evi- 
dence to  support  this  explanation  of  survival  differences  is  the  performance  of 

two  lots  of  seed  from  Southern  Mississippi  and  New  Orleans,   Louisiana,   which 
produced  seedlings  with  poor  survival  ability  in  study  102  but  seedlings  of  high 
survival  ability  in  study  103.      All  these  seedlings  were  grown  from  the  same 

lots  of  seed.    With  the  exception  of  extreme  drought  years  or  other  similar  ex- 
treme climatic  conditions,  the  problem  of  survival  in  the  establishment  of  slash 

pine  progeny  tests  in  this  area  of  Georgia  is  not  a  serious  one.   Good  site  prep- 
aration to  remove   competitive   herbaceous  vegetation  and  proper  handling  and 

planting  of  good  nursery  stock  can  achieve  excellent  survival.   In  order  to  pro- 
vide maximum  soil  moisture   and  remove   as   much  competitive  vegetation  as 

possible,  it  would  be  desirable  to  use  a  light  disking  during  the  first  year  after 
planting  to  insure  early,   vigorous  growth. 

Repeated  seed  collections  from  a  number  of  individual  parent  trees  show 
that  weight  per  1,000  seed  varies   among  trees   and  that  for  the   same  tree, 

weight  varies  from  year  to  year.   Analyses  of  8-  and  7 -year  heights  in  relation 
to  weight  per  1,000  seed  showed  that  there  was  no  significant  relationship.    If 
seed   size  had  any  effect  on  initial  seedling  size,   it  has  been  masked  by  the 

growth  of  the  seedlings  and  need  not  be  of  concern  in  long-range  tests. 

Height  data  were  collected  in  studies  102  and  103  each  year  after  plant- 
ing. Analyses  of  variance  of  the  height  data  for  each  year  indicated  that  signif- 

icant differences   occur  among  progenies   at  ages  2  to  4  years.      In   study  102 

these   differences  gradually  disappeared  and  were  nonsignificant  at  the  5  per- 
cent level  at  ages  6  and  8.    In  study  103  a  similar  pattern  was  followed  but  dif- 

ferences were  significant  at  the  5  percent  level  at  ages  5  and  7.    The  difference 
in  the  performance   of  the  two   studies   is  probably  related  to  differences   in 



70 

initial  plot   size   and  In  numbers   of  replications  used.      Study  102   had  three 
replications   of  plots  varying  from  10  to  100  trees  each,    whereas   study  103 
had  four  replications  of  2 5 -tree  plots.      In  study  102  at  age  8  years,   the  dif- 

ference in  height  between  the  tallest  and  shortest  progenies  is  5.2  feet,   more 
than  20  percent  of  the  larger  mean.    For  both  studies  highly  significant  differ- 

ences were  obtained  among  blocks. 

An  examination  of  the  height  data  showed  the  Block  X  Lot  interaction  to 
be  highly  significant  in  both  studies  102  and  103.      This  is  normally  the  error 
term  in  the  analysis  of  variance  of  these  data.     The  significant  interaction  in- 

dicates that  the  different  progeny  groups  react  differently  to  the  site  variability 
from  block  to  block.     This  differential  reaction  increases  the  variation  among 
the  data  and  contributes  to  the  lack  of  sensitivity  of  these  tests.      It  should  be 

pointed  out  that  slash  pine  is  native  to  the  Coastal  Plain  where  sandy  soils  pre- 
dominate.     These  tests  were  established  on  a  rolling  Piednaont  area  of  heavy 

clay  soils   where   some  topsoil  removal  had  taken  place  for  landscaping  pur- 
poses  and  much  of  the   area  showed  evidences   of  erosion   in  the  past.     The 

micro-site  variability  within  the  blocks  was  probably  relatively  large. 

The  relationship  of  total  height  to  number  of  trees  per  plot  (in  effect, 
survival)  for  study  103  showed  that  progenies  with  the  best  survival  tended  to 
be  tallest;  the  regression  was  highly  significant.      This  trend   may  indicate 
that  more  vigorous  progenies   survive  better  or  that  micro -site  conditions 
favorable  for  survival  are  favorable  for  more  rapid  growth. 

An  analysis  of  total  height  was  also  computed  using  a  sample  of  the  five 
tallest  trees  on  each  plot  of  study  103.  This  was  not  a  proportional  sample,  but 

represented  "crop  trees"  from  the  silvicultural  viewpoint.  The  analysis  of 
these  data  produced  results  nearly  identical  to  the  analysis  of  the  complete  data. 

When  examined  on  an  individual  tree  basis  among  pooled  progenies,   the 
total  height  of  seedlings  after  2  years  in  the  field  was  strongly  correlated  with 
total  height  at  ages  8  and  7  for  the  two  studies.   The  values  were  0.61  for  study 
102  and  0.65  for  study  103.    Correlation  of  second-year  height  growth  was  only 
0.45  with  8 -year  total  height  in  study  102,  but  was  0.64  in  study  103  for  second - 
year  height  growth  with  7 -year  total  height.      Correlations  of  total   height  with 
other  growth  characteristics  gave  similar  values  in  both  studies  102  and  103. 

Measurements  of  d.b.h.   were  taken  at   ages  6  and   8  years  in  study  102 
and  5  and  7  years  in  study  103.   Analyses  of  variance  of  the  data  from  study  102 
showed  no  significant  differences.      In  contrast,   highly  significant  differences 
were   obtained  for  7 -year  data  in  study  103  when  all  trees   were   considered  in 
the   analysis.      In  an  analysis   considering  only  trees  free   of  stem  cankers  of 
fusiform  rust,  the  significant  difference  dropped  to  the  5  percent  level.     D.b.h. 
measurements   on  an  individual  tree  basis  were  highly  correlated  with  total 
height.   The  oldest  data  for  studies  102  and  103  showed  correlation  coefficients 
of  0.94  for  this  relationship.   Similar  high  correlation  values  were  obtained  for 
the  younger  data. 

A  highly  significant  regression  was  found  between  average  progeny  d.b.h. 
and  the  average  number  of  surviving  trees  per  plot  in  study  103  where  plot  size 



was  uniform.      The    "normal"   relationship  expected  in  this   situation  is  for  the 
average  d.b.h.  to  decrease  as  the  number  of  trees  per  plot  increases.    The  re- 

lationship found  in  the  regression  of  d.b.h.   on  number  of  trees  per  plot  (study 
103)  was  contrary  to  the  expected   "normal"   relationship;   average  d.b.h.   in- 

creased as  the  number  of  trees  per  plot  increased.     One  interpretation  is  that 
progenies  which  are  inherently  more  vigorous  survive  better  and  grow  faster, 
even  under  the   greater  competitive  levels.      Another  explanation  may  be  that 
variations  in  micro -site  sufficient  to  affect  initial  survival  also  affect  growth. 
The  correct  interpretation  may  lie  in  a  combination  of  these  two  possibilities. 

Differences  in  pruning  height  at  the  older  ages  were  observed  in  both 
studies.     This  measurement  was  based  on  the  height  from  the  ground  to  the 
first  whorl  having  two  or  more  live  limbs  free  of  basal  cankers  of  fusiform 
rust.      The  variation  within  progenies  was  quite  large;   however,   the  differ- 

ences among  progenies  were  great  enough  to  be  statistically  significant.   Ob- 
servations indicate  that  some  progenies  and  individual  trees  within  progenies 

have  very  definite  tendencies  toward  early  natural  pruning;   analyses  of  the 
data  support  these  observations.      Correlations  of  pruning  height  with  total 
heights  at  young  ages  were  very  low,  and  only  moderate  correlations  of  0.40 
and  0.51  were  obtained  for  the  relationship  of  pruning  height  to  total  height  at 
ages  8  and  7,   respectively,   in  studies  102  and  103. 

A  limited  sample  of  bark  thickness  taken  on  several  parent  trees  and 
their  progenies  in  studies  102  and  103  indicated  differences  in  the  relation- 

ship of  bark  thickness  to  d.i.b.      The  data  were  insufficient  for  a  complete 
analysis.    For  3  progeny  groups  where  20  or  more  individual  trees  had  been 
measured,    regression  analyses  of  the  relationship  of  bark  thickness  to  d.i.b. 
were  run.   For  two  of  the  progenies,  the  regression  was  not  significant.    For 
the  third  progeny,    it  was  highly  significant.      Additional  sampling  of  other 
progenies  and  parents  will  be  necessary  before  any  conclusions  can  be  drawn 
from  such  data;  however,  inherent  differences  in  bark  thickness  are  strongly 
indicated.     These  progenies  are  relatively  young  and  meaningful  bark  thick- 

ness relationships  may  not  yet  be  established. 

Crown  relationships  among  the  progenies  were  examined.     The  widths  of 
the  crowns  were  measured  at  various  ages  in  studies  102  and  103.   Using  ratios 
determined  from  total  height   and  the  crown  width  values,    analyses   indicated 
that  there  were  significant  differences  among  progenies  in  both  studies.     The 
planting  spacing  was  10  by  10  feet  and  the  trees  had  several  years  in  which  they 
could  exhibit  free   crown  growth  with  no   competition  from  adjacent  trees. 
Lateral  competition  among  crowns  does  not  become  evident  until  about  5  or  6 
years  after  establishment  in  the  field  at  this  spacing.   These  crown  width  dif- 

ferences were  detectable  at  ages  as  young  as  3  years. 

On  several  of  the  parent  trees,    beginning  at  the  terminal  bud,   each 
branch  in  each  primary  whorl  was  measured,   moving  down  the  tree  until  a 
point  was  reached  where  lateral  branch  competition  was  taking  place  from 
adjacent  trees  or  to  the  base  of  the  live  crown.     Examination  of  these  parent 
tree  data  indicated  that  a  crown  zone  from  approximately  65  to  80  percent  of 

the  total  height  of  the  tree  was  the  area  of  most  uniform  branching  character- 
istics.    Measurements  were  taken  on  a  sample  of  progenies  from  these  parent 



trees,   and  three  whorls  of  branches  were  considered.      The  whorls  were  2,    3, 
and  4  years  of  age.      Branch  length,   diameter,    and  angle  were  taken  for  each 
branch  of  each  whorl  and  stem  naeasurements  above  the  whorls  were  also  re- 

corded. Average  branch  length  of  the  progenies  appears  closely  related  to  the 
average  branch  length  of  the  parent  trees.   Progenies  from  the  same  parentage 
in  studies  102  and  103  seem  to  be   in  close   agreement  for  all  characteristics, 
with  the  exception  that  average  branch  angle  was  slightly  larger  in  study  103 
than  in  study  102.     There  is  no  apparent  explanation  for  this  phenomenon. 

Correlations  of  various  characteristics  of  the  crowns  of  the  progenies 
were  computed,  and  it  was  found  that  branch  length  and  branch  diameter  were 
very  highly  correlated.     Branch  length  and  branch  diameter  showed  negative 
correlations  with  branch  angle;  that  is,   the  greater  the  angle  of  the  branch 
from  vertical,   the  shorter  and  smaller  the  branch.    This  relationship  is  very 
desirable.    The  correlation  of  branch  length  with  the  height  growth  of  the  stem 
above  the  whorl  was  low,  but  a  high  correlation  was  obtained  for  the  relation- 

ship of  dob.h.   and  average   branch  diameter.      This  sample  of  progenies  also 
indicated  that  the  data  on  crown-width  taken  at  early  ages  was  a  good  indica- 

tion of  crown  characteristics  in  later  years. 

One  of  the  most  interesting  results  of  these  progeny  tests  was  the  differ- 
ence in  susceptibility  of  the  different  progenies  to  infection  by  southern  fusi- 
form rust.  Differences  had  been  noted  at  ages  3  and  4  years,  and  detailed  data 

on  trees  infected  and  the  number  and  position  of  cankers  on  each  tree  were 

collected  in  1957.  Highly  significant  differences  among  progenies  were  ob- 
tained in  both  studies  for  the  percent  of  trees  infected  with  fusiform  rust.  The 

number  of  cankers  per  infected  tree  was  also  examined  but  there  seemed  to  be 
no  differences  among  progenies. 

The  correlation  of  rust  infection  with  second-   and  third -year  height  and 
height  growth  indicated  that  the  relationship  of  rust  infection  to  vigor  was  very 
weak.    The  literature  (Goggans  1957)  contains  reports  of  a  strong  relationship 
between  rust  infection  and  rate  of  growth.      Recent  reports  (Bethune  and  Roth 
1960;   Barber  and  VanHaverbeke  1961)  refute  this  point  as  do  these  data.     It  is 
encouraging  that  vigor  and  rust  infection  are  not  strongly  related  because  it  in- 

creases the  likelihood  of  obtaining  extremely  vigorous  trees  resistant  to  rust. 

Three  progenies  from  seed  collected  in  Australia  were  included  in  study 
103.     These  were  selections  of  slash  pine  made  in  Australian  plantations  for 
various  desirable   growth  characteristics.      Fusiform  rust  is  not  present  in 
Australia  and  therefore  there  was  no  opportunity  to  select  for  resistance  to 
this  disease.     All  three  of  the  progeny  groups  show  very  high  susceptibility. 
The  fact  that  all  three  are  uniformly  high  is  probably  coincidence.     However, 
they  are  in  contrast  to  the  Callaway  selections  which  were  made  in  a  planta- 

tion heavily  infected  with  the  disease. 

The  problem  of  selecting  parent  trees  resistsint  to  rust  is  not  a  simple 
one.   There  is  always  a  possibility  that  a  tree  may  be  an  escape  and  even  more 
likely  is  the  possibility  that  a  tree  might  have  branch  infections  which  kill  the 
branches  and  the  cankers  are  subsequently  lost.   It  would  be  impossible  to  de- 

tect such  past  infections  on  pole-sized  and  larger  trees  in  a  stand.    In  exam- 
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ining  the  rust  infection  among  the  Callaway  progeny  groups,  it  should  be  re- 
membered that  a  large  number  of  remaining  trees  in  the  parent   stand  were 

susceptible  to  fusiform  rust,   as  indicated  by  cankers,  and  they  probably  sup- 
plied the   majority  of  the  pollen  which  fell  upon  these   rust -free   selections. 

Controlled  pollinations  will  be  required  to  determine  more  exactly  the  trans- 
mission of  rust  resistance  from  parent  to  progeny.    The  possibilities  of  races 

of  the  rust  will  also  have  to  be  considered  in  determining  resistance.   The  very 
poor  performance  of  the  Southern  Mississippi  seedlings   may  reflect   differ- 

ences in  susceptibility  associated  with  races  of  trees  or  races  of  rust. 

Other  defects,   namely  crook  and  forking,   were  recorded  at  ages  6  and 
5  years  in  studies  102  and  103,    respectively.      Significant  differences  were 
obtained  among  progenies  for  the  occurrence  of  crook.      The  data  support  the 
fact  that  the  criteria  for  crook  were  very  rigid,   though  they  may  not  have  been 
applied  without  bias.      It  is  extremely  difficult  to  make   an  unbiased  rating  of 
crook  in  trees  having  different  numbers  of  whorls,  varying  numbers  of  branches 
per  whorl,    and  varying  foliage   density.      Dense  crowns  tend  to  mask  stem 
ir  regular  itie  s , 

As  the  age  of  the  trees  increases,  some  stem  irregularities  called  crook 
at  age  5  and  6  years  may  be  no  longer  detectable.      Even  though  slight  crooks 
occurring  in  these  juvenile  stages  might  be  masked  by  later  diameter  growth, 
they  still  will  represent  lower  quality  wood  because  of  the  production  of  com- 

pression wood  along  the  stem. 

The  occurrence  of  forks  and  ramicorns  seemed  to  be  more  variable  than 
crook  among  progenies.      A  considerable  am.ount  of  this  defect  was  probably 
attributable  to  a  very  late  spring  freeze  in  1955.      An  appreciable  amount  of 
damage  was  done  to  new  shoot  growth  and  the  injury  was  more  severe  on  some 
progenies  than  others.     For  those  severely  damaged  trees,   the  pattern  of  re- 

covery was   somewhat   abnormal  in  that  several  branches   competed  nearly 
equally  for  leadership;   whereas,   under  normal  circumstances  of  terminal  bud 
injury,   one  branch  soon  takes  over.     It  was  interesting  that  there  were  no  sig- 

nificant block  differences  among  the  analyses  of  crook  data  and  only  one  signif- 
icant block  difference  showed  in  the  several  analyses  of  fork  data. 

The  major  defect  caused  by  forks  and  ramicorns  is  usually  the  failure  of 

the  branch  to  prune  quickly.   The  large  stub  may  remain  on  the  tree  for  a  num- 
ber of  years  and  form  an  irregular  knot,  som.etimes  with  bark  inclusions.     For 

the   evaluation  of  this   characteristic,   it  would   seem  best  to  wait  until  natural 
priming  takes  place  in  the  whorl  containing  the  branch.      Observations  indicate 
that  forks  at  young  ages  frequently  become  unbalanced  and  one  side  takes  over 
as  leader,   forcing  the  other  into  the  position  of  a  ramicorn.      This  ramicorn 

may  then  die  and  prune  off  naturally  so  that  the  defect  is  minor,  or  it  may  re  - 
main  competitive.   These  data  from  open -pollinated  progenies  strongly  support 
the  contention  that  parents  of  poor  crown  form  will  produce  progenies  of  poor 
crown  form. 

Certain  data  from  these  open -pollinated  progeny  tests  were  suitable  for 
the  computation  of  narrow-sense  heritability  values.     The  heritability  values 
obtained  for  study  103  are  consistently  greater  than  those  for  study  102.     The 
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data  of  study  102  seem  to  be  much  more  variable  than  those  of  103.    Study  103 
heritability  values  for  height  and  diameter  were  from  0.27  to  0.37,   varying 
with  age  and  whether  trees  containing  stem  cankers  of  rust  were  included  in 
the  analyses.     Pruning  height  showed  narrow-sense  heritabilities  in  excess  of 
0.5  and  narrow-sense  heritability  values  in  excess  of  0.16  were  obtained  for 
crown  width. 

These  heritability  values  represent  only  two  studies  in  a  single  situation. 
As  such,   we  can  place  little  confidence  in  them  as  true  estimates  of  the  herit- 

ability of  these  characteristics.     Only  after  the  completion  of  analyses  from  a 
number  of  studies  will  it  be  possible  to  develop  an  average  heritability  value 
which  might  be  applied  for  the  prediction  of  genetic  gains. 

The  equation  for  the  computation  of  heritability  from  open -pollinated 
progeny  data  assum.es  that  the  pollen  for  each  progeny  is  a  sample  of  the  same 
parental  population.     In  this  case  most  of  the  progenies  came  from  parents  in 
the  same  plantation  and  this  is  probably  a  valid  assumption,  though  not  neces- 

sarily so.      If  the  pollen  parents  for  the  different  progenies  cannot  be  assumed 
to  be  equal,  then  the  heritability  values  shown  here  are  probably  over-estimates. 
As  an  extreme,   if  we  assumed  that  the  pollen  for  each  lot  was  completely  dif- 

ferent, these  heritability  values  would  be  reduced  by  one -half.   It  is  most  likely 
that  the  pollen  source  for  each  of  the  lots  is  quite  comparable;  therefore,   the 

estimates  of  narrow-sense  heritability  as  presented  are  probably  the  best  for 
these  data. 

The  Ida  Cason  Callaway  slash  pine  progeny  tests  have  pointed  up  a  num- 
ber of  problems  deserving  serious   attention  by  those  interested  in  progeny- 

testing  forest  trees.    The  Block  X  Lot  interactions  found  in  the  height  analyses 

brought  out  at  once  the  problem  of  sampling  site.      From  the  foresters'  view- 
point, site  must  be  considered  in  a  broad  sense.    The  practicing  forester  can- 

not be  concerned  with  running  soil  or  other  surveys  of  his  planting  situations 
to  determine  which  strain  of  trees  might  be  best  adapted  to  very  small  areas. 
He  will  want  trees  adapted  to  a  broad -site   situation  involving  many  micro - 
sites.     The  problem  for  the  researcher  is  to  determine   how  to  establish  his 

progeny  tests  so  that  he  can  sample  the  broad-site  spectrum  and  evaluate  each 
progeny  for  performance  over  a  range  of  micro-sites. 

First  of  all,  a  great  deal  of  consideration  should  be  given  to  the  location 
of  very  uniform  sites  for  the  establishment  of  progeny  tests.     The  uniformity 
required  is  in  soil  structure,  texture,   fertility,   and  moisture   relationships. 
Problems  of  differences  in  ground  cover  can  be  handled  by  site  preparation 
techniques.     If  very  uniform  sites  can  be  found,   then  the  question  arises  as  to 
how  many  of  these  uniform  site  classifications  must  be  sampled  in  order  to 
determine  general  adaptability  to  a  physiographic  region,  such  as  the  Coastal 
Plain. 

Secondly,  if  areas  of  very  uniform  site  cannot  be  located,  then  the  prob- 
lem becomes   one  of  increasing  the  sample  in  the  progeny-test  design  so  that 

the   micro -site  variation  is  accounted  for  in  the  analysis  of  the  data.     If  the 
interaction  of  progeny  with  site  persists  under  these  conditions,  then  there  will 
be  no  best  progeny  or  best  several  progenies  for  all  sites.      Under  this  situa- 
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tion,  the  best  progenies  will  have  to  be  determined  for  each  of  the  various  site 
situations  and  then  those  parents  can  be  combined  in  an  orchard  to  produce  a 

synthetic  variety.    This  "variety"  will  then  contain  some  trees  of  each  parent- 
age and  when  planted  on  a  broad-site  area,   those  progenies   best  adapted  to  the 

various   micro-sites  will  assume   dominance  and  become  crop  trees;  the  re- 
maining trees   can  be  taken  out  in  early  thinnings.      By  this  technique  the  best 

crop  trees  can  be  insured  on  all  sites. 

The  construction  of  a  synthetic  variety  by  selection  of  the  several  best 
parents  for  each  site  classification  is  desirable  from  a  more  basic  viewpoint: 
the   maintenance   of  genetic  diversity  in  the   population.      The  broad  base  of 
genetic   diversity  will  help  maintain  resistance  to  disease  and  insect  attack, 
and  to  extreme  climatic  occurrences. 

As  mentioned  earlier,    southern  fusiform  rust  has  important  silvicultural 
and  economic  consequences.   In  addition,  it  is  a  complicating  factor  in  tree  im- 

provement programs.      The  development  of  rust -resistant  strains  of  trees  is  a 
goal  in  itself  and  certainly  any  improved  strain  of  slash  and  loblolly  pine  which 
can  be  recommended  for  widespread  planting  in  the  South  and  Southeast  must 
have  some  degree  of  resistance  to  fusiform  rust. 

If  a  progeny  test  is  designed  to  study  the  yield  of  products  at  some  age 
beyond  that  needed  for  first  merchantability,    it  is  evident  that  the  plot  should 
be  of  a  size  sufficient  to  measure  the  impact  of  fusiform  rust  on  the  production 
of  that  crop.      As  pointed  out  by  Siggers  (1955)  and  Goggans  (1957),  there  are 
important  fluctuations   and  local  variations   in  the  degree   of  rust   infection. 

Goggans'  tables  show  that  there  is  considerable  variation  in  over -all  infection 
of  plantations  at  different  ages.      This  variation  probably  reflects  differences 
in  rust  infection  years  during  the  critical  period  after  planting.     The  choice  of 
a  plantation  site  in  terms  of  the  areas  of  high  and  low  susceptibilities,  and  also 
the  chance   occurrence  of  particularly  good  or  bad  infection  years   during  the 
early  ages,  may  result  in  an  evaluation  of  the  tests  in  such  a  way  that  an  erro- 

neous interpretation  could  be  made.      In  tests  for  yield,    one  way  to  circumvent 
this  problem  might  be  to  run  a  two-stage  test  whereby  artificial  inociilation  or 
some  similar  technique  would  be  used  as  a  first  step  to  determine  the  relative 

degree  of  susceptibility  to  rust  of  the  different  lots  and  then  larger  field  plant- 
ings made  to  determine  yield.      Final  yield  figures  might  then  be  adjusted  with 

the  results  of  the  initial  rust  susceptibility  tests. 

If  the  study  to  be  established  is  designed  to  measure  some  other  charac- 
teristics,  such  as   wood  quality  or  growth  of  individual  trees,    consideration 

might  be  given  to  using  smaller  plots  with  more  replications.     Where  there  is 
hea\'y  fusiform  rust,   it  would  seem  undesirable  to  use  extremely  small  plots, 
such  as  the  single  tree  plots  suggested  by  Wright  and  Freeland  (1959).     As  an 
example,  let  us  consider  how  these  progeny  tests  might  have  performed  if  they 
had  been  established  in  single  tree  plots.      As  we   saw  in  the   discussion  of 
growth,  the  presence  of  stem  cankers  on  trees   affects  the   rate  of  growth; 
therefore,  if  we  wish  to  consider  a  characteristic,    such  as  height  or  diameter 
growth,   it  would  be  necessary  to  eliminate  from  the  analysis  all  trees  having 
stenfi  cankers  of  fusiform  rust.   The  percent  of  trees  with  stem  cankers  varies 
from  5  to  58  among  the  progenies  (table  21).      The  presence  of  71  percent  of 
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the  trees  in  the  parent  plantation  infected  with  rust  is  further  evidence  along 
this  line.   Three -year -old  racial  tests  of  loblolly  pine  show  that  some  sources 
have  approximately  50  percent  of  the  trees  infected  with  stem  cankers  at  this 
young  age.^     The  consequences  of  encountering  such  infection  in  a  progeny 
test  plantation  involving  small  plots  would  be  the  loss  of  the  validity  of  any 
statistical  analysis.     It  would  be  impossible  to  analyze  the  data,   for  such  an 

analysis  would  require  a  substitution  for  missing  data  in  one -third  to  one -half 
of  the  plots.     This  cannot  be  done  satisfactorily. 

Initial  survival  is  another  factor  contributing  to  the  problem  of  progeny - 
test  design.    Here  in  the  South,   we  are  vmable  to  replant  after  the  first  season, 
and  any  dead  trees  cannot  be   satisfactorily  replaced.     In  other  parts  of  the 
country,   initial  mortality  may  not  be  serious  because  transplanted  stock  can 
be  held  for  1  or  2  years  for  replacement  planting. 

The  length  of  time  a  progeny  test  will  run  must  also  be  considered  in  its 
establishment.     If  we  are  concerned  with  such  characteristics  as  resistance  to 
disease  or  broad  differences   in  crown  form,   a  test  may  be   designed  which 
would  run  only  3  to  5  years.     However,   if  we  are  interested  in  inherent  growth 
and  yield,  then  the  test  must  run  at  least  beyond  the  point  of  first  commercial 
thinning.     For  slash  pine  it  seems  desirable  to  run  these  tests  a  minimum  of 
20  years.     The  use  of  a  moderate  spacing  is  desirable  in  the  establishment  of 
tests  in  order  to  avoid  severe  competition  and  in  order  to  avoid  the  require- 

ment of  thinning  before  this  minimum  age. 

The  problem  of  thinning  a  progeny  test  seems  insurmountable  at  present. 
If  the  progenies  grow  at  different  rates,   and  all  evidence  indicates  that  they 
will,   at  any  given  point  in  time  the   competitive  level  within  a  plot  will  vary 
from  progeny  to  progeny.     When  the  most  rapidly  growing  progenies  reach  a 
density  where  thinning  is  required,  the  slower  growing  progenies  will  be  much 
below  that  level.     The  question  is  how  to  thin.     Should  all  plots  be  thinned  to  a 
uniform  density?    Should  they  be  thinned  to  the  same  relative  densities?    Should 
thinning  be  by  a  mechanical  system?     Should  thinning  be  by  random  selection? 
Should  thinning  be  by  silvicultural  marking  rules?     At  present  there  are  no 
suitable  answers  to  these  questions.     From  the  standpoint  of  the  timber  man- 

ager,  once  a  stand  reaches  the  age  for  thinning,  the  timber  marker  minimizes 
the  genetic  variation  for  the   remainder  of  the  rotation.      The  marking  rules 
followed  in  thinning  a  stand  will  determine  from  that  point  onward  the  genetic 
constitution  of  that  stand.     Because  of  this,   progeny  tests  for  growth  and  yield 
characteristics  might  well  be  given  a  final  evaluation  at  about  20  years  of  age. 
This  would  represent  a  point  in  the  normal  rotation  where  a  second  thinning 
would  be  recommended.     There  would  have  been  no  thinning,   of  course,  prior 
to  the  final  evaluation. 

When  working  with  long-lived  plants,   such  as  forest  trees,    it  will  be 
necessary  to  make  judgments  as  quickly  as  possible  in  order  to  increase  the 
number  of  generations  which  can  be  used  in  a  breeding  program.    The  mini- 

mum generation  time  for  the  southern  pines  has  not  been  determined  from  a 

dl  Unpublished  data  on  file  at  the  Southeastern  Forest  Experiment  Station,  Macon,  Georgia. 



practical  viewpoint,    and  will  vary  considerably  among  species.      Ten  years 
will  probably  be  the  minimum  time  for  a  single  generation  of  slash  pine.   Two 
growing  seasons  are  required  for  the  production  of  pine  seed  after  pollination. 
This  period,   plus  the  time  for  a  seedling  to  develop  sufficiently  to  be  evaluated 
and  to  produce  male  or  female  flowers  for  breeding  purposes,  extends  at  pres- 

ent even  beyond  the  10 -year  estimate.      The  long  generation  time  is  in  sharp 
contrast  to  the  rather  rapid  progress  possible  in  most  agricultural  crops  where 
one  to  three  generations  might  be  completed  in  a  single  calendar  year. 

At  present,  no  short  cuts  are  known  that  we  can  use  to  reduce  the  gener- 
ation time  of  pine  trees   appreciably.      For  this  reason,    it  will  be  imperative 

that  we  use  the  earliest  measurements  possible  for  the  evaluation  of  the  geno- 
type.    For  various   characteristics,   this  period  of  time  may  be  quite  different. 

Some  traits,  such  as  stem  straightness  and  branching  habit  may  be  best  evalu- 
ated at  relatively  young  ages.      Minor  fluctuations   in  stem  straightness   are 

easily  discerned  in  trees  10  to  20  feet  tall;  as  these  trees  increase  in  diameter, 
many  of  the  variations  will  be  hidden  by  eccentric  diameter  growth  and  its  re- 

sulting compression  wood,   thus   hiding  the   defect.      Similarly,   undesirable 
branching  characteristics  may  be  masked  by  crown  competition  after  crown 
closure,   but  would  have  been  easily  detectable   before  competition  became 
serious.     An  evaluation  for  rust  resistance  may  be  made  on  1 -year-old  or  at 
most  2 -year-old  seedlings,   whereas  the  evaluation  for  volume  growth  or  any 
of  the  characteristics  which  determine  volume,    such  as  height  and  diameter, 
might  require  ten  or  more  years.     In  selecting  and  breeding  toward  a  goal  of 
increased  volume  production,   a  number  of  individual  traits  will  be  involved 
and  they  may  be  independent  of  each  other  or  complexly  related. 

Similarly,  resistance  to  diseases  may  be  obtained  through  several  dif- 
ferent characteristics  or  combinations  of  them.      The  tree  breeder  must  not 

overlook  the   complexity  of  the  situation  and  the   confounding  by  the  time 
element.     A  broad  base  must  be  established  and  work  begun  toward  the  goal, 

but  necessarily,  many  lines  will  have  to  be  carried  for  the  eventual  develop- 
ment of  improved  trees  to  fit  specific  needs  of  forest  managers. 

At  this  point  it  is  inevitable  that  the  question  will  be  raised  about  which 
parents   are   best,   based  on  the  Callaway  progeny  tests.     For  this   question, 
there  is  no  direct  answer.    First  of  all,  one  must  establish  criteria  to  evalu- 

ate the  parent.    Secondly,  one  must  then  decide  the  relative  values  of  the  dif- 
ferent characteristics.     For  instance,   how  much  difference  in  height  would  be 

needed  to  offset  a  10  percent  difference   in  fusiform  rust  infection,    or  how 
much  difference  in  fusiform  rust  infection  would  be  needed  to  offset  a  10  per- 

cent difference  in  the  occurrence  of  crook?    A  valid  index  cannot  yet  be  estab- 
lished because  the  relative   economic  values  for  the  different   characteristics 

are  at  present  unknown,   and  reliable  heritability  values  are  not  available  for 
many  of  them. 

It  would  seem  that  if  one  intended  to  plant  trees  in  an  area  where  fusi- 
form rust  infection  was  relatively  severe,   he  would  do  well  to  choose  parent 

trees  such  as  C-37,   C-10,   C-63,   and  C-65.     If  he  were  producing  sawtimber, 
he  would  do  well  to  consider  the  trees  that  had  a  minimum  of  crooked  progeny 
and  also  to  take  into  consideration  the  pruning  height.      For  most  products,   of 
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course,  height  and  diameter  growth  would  be  of  major  consideration.    Consid- 
ering the  trees  that  occur  in  both  tests,  the  progenies  of  C-37  and  C-63  seem 

to  be  good  all-round  performers. 

Within  the  next  few  years  some  of  these  progenies  will  begin  to  produce 
flowers.     As  soon  as  they  do,   it  will  be  desirable  to  make   selections  among 
them,   where  we  will  know  the  complete   history  of  each  tree,    and  to  establish 
a  breeding  program.   All  of  the  progeny  groups  offer  possibilities  for  selecting 
individual  trees  having  a  combination  of  desirable   characteristics.     Some 
progenies,   of  course,   offer  greater  opportunities  than  others  and  have  many 
more  trees  in  certain  categories.   In  addition  to  the  selections  among  progenies 
for  breeding  purposes,  of  course,   we  now  have  an  estimate  of  the  performance 
of  open -pollinated  progenies  from  the  various  parents  and  these  parents  can  be 
introduced  into  a  breeding  program.      In  fact,   a  number  of  controlled  crosses 
have  been  made   among  certain  parent  trees  based  on  early  evidence  in  the 

progeny  tests.     For  instance,   crosses  have  been  made  between  C-65  and  C-37, 
in  the  hope  of  increasing  resistance  to  fusiform  rust. 

These  data  have  been  in  general  agreement  with  reports  in  the  literature 
for  other  species,   frequently  based  on  less  extensive  tests.      The  very  good 
agreement  between  progenies  in  study  102  and  progenies  from  the  same  parents 
in  study  103  is   quite   encouraging  because  it  must  be   interpreted  that  these 
open-pollinated  progeny  tests  are  reliable  and  that  they  give  sound  estimates 
of  the  parent  trees.    The  amount  of  variation  in  these  tests  was  relatively  high 
and,  therefore,   many  of  the  analyses   indicated  insensitive  tests.      This  low 
sensitivity  can  be  improved  by  increasing  the  number  of  replications  in  future 

progeny  tests  designs.      In  view  of  these  data,  the  sensitivity  can  also  be  in- 
creased by  using  more   uniform  sites.     Finally,  there  is  the  possibility  that 

variability  will  decrease  with  age   as  the  trees   approach  maturity  and  slow 
down  in  rate  of  growth  and  rate  of  change  in  other  characteristics. 

CONCLUSIONS 

The  Ida  Cason  Callaway  Foundation  progeny  tests  of  slash  pine  have  been 
satisfactory.     While  their  sensitivity  has  not  been  as  great  as  many  had  hoped, 
they  will  contribute   an  appreciable   amount  of  information  on  the  genetics  of 
slash  pine  before  maturity.    Studies  younger  than  those  included  in  this  evalu- 

ation have  many  other  parent  trees  involved  and  also  have  controlled  crosses 
among  some  of  these  parent  trees.      The  Callaway  tests  will  also  be  used  to 
examine   variation  in  morphological  and  anatomical  characteristics   of  the 
progenies;  they  will  lend  themselves  well  to  studies  of  wood  quality.    A  great 
opportunity  lies  in  more  intensive  examination  of  the  younger  progeny  tests 
and  thorough  statistical  analyses  of  data  collected  in  the  future. 

What  does  this  mean  to  the  silviculturist  and  forest  manager?    It  means 
that  he  should  closely  examine  his  present  marking  rules   and  silvicultural 
procedures.     It  means  that  each  of  his  rules  should  be  re-evaluated  in  terms 
of  genetic  as  well  as  present  economic  values  because  we  have  a  better  esti- 

mate of  traits  that  are  hereditary.     There  has  been  very  little  data  heretofore 
on  this  subject. 
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The  data  here  are  very  limited  on  survival,    but  they  do  indicate  that  on 
old -field  Piedmont  sites,  survival  is  probably  much  more  a  function  of  handling 
and  planting  than  the  inherent  ability  of  the  seedlings  to  survive.     This  may  not 
hold  true  for  severe  sites  in  the  Southeast.    It  was  also  shown  that  seed  weight 
was   not   important  in  terms  of  subsequent  growth  of  the  tree;  therefore,    any 
sizing  of  seed  should  be  considered  purely  from  the  aspects  of  nursery  proce- 

dures,  not  with  the  expectation  of  sorting  out  fast-  and  slow -growing  trees. 

Differences  in  height  growth  mean  dollars.   The  faster  growing  progenies 
averaged  several  feet  taller  than  others  and  this  may  mean  an  extra  stick  or 
two  of  pulpwood  or  half  log  when  the  tree  is  harvested.   It  also  may  mean  those 
few  extra  feet  needed  for  higher  value  poles  and  piling.     The  diameter  differ- 

ences do  not  appear  as  distinct  as  height  differences.     It  was  found  that  diam- 
eters are  closely  correlated  with  heights  in  the  range  examined.      Diameter  is 

probably  the  most  sensitive  growth  characteristic  we  have   in  response  to 
management  practices,  but  one  should  not  sacrifice  potential  diameter  growth 
by  ignoring  it  in  marking  rules  and  selections. 

Though  the  trees  were  planted  at  a  fairly  wide  spacing  and  were  young, 
distinct  differences  among  progenies  were  evident  in  natural  pruning.     It  can 
be  expected  that  in  dense  stands,   much  of  the  difference  may  be  masked,  but 
the  tendency  for  lower  limbs  to  die  at  an  early  age  means  faster  pruning  to  a 
higher,   clear  length,   a  smaller  core  of  knots,   and  fewer  rust -infected  limbs. 
Where  widely  spaced  trees  are  grown,  this  tendency  for  early  natural  pruning 
will  be  desired. 

There  appear  to  be  differences  among  progenies  in  the  relationship  of 
bark  thickness  to  diameter  inside  bark.  Progeny  bark  thickness  also  seenas 
to  be  related  to  the  bark  thickness  of  the  parent  tree.  These  trees  are  still 
young  and  fast  growing  and  the  bark  differences  which  appear  here  may  not 
necessarily  be  indicative  of  bark  differences  at  an  older  age  or  when  larger 
merchantable  sizes  are  reached. 

The  examination  of  crown  characteristics  showed  that  some  progenies 
have  a  more  favorable  crown-width-to-height  ratio  than  others.     It  was  also 
found  that  branch  length  and  diameter  were  negatively  correlated  with  angle 
of  the  branch  from  vertical,   meaning  that  narrow -crowned  trees  tend  to  have 
a  larger  branch  angle  which  is  more  desirable.     These  branching  character- 

istics not  only  affect  the  quality  of  the  material  produced  from  the  tree,   but 
they  also  have  an  influence   on  the  cost  of  producing  pulpwood  or  logs  from 
these  trees.    The  timber  marker  should  learn  quickly  to  identify  the  trees  with 
more  favorable  crown  characteristics. 

Striking  differences  in  susceptibility  to  fusiform  rust  were  foiind  among 
progenies.    These  broad  differences  would  have  an  important  influence  on  the 
quality  of  the  stand  and  would  give  the  timber  marker  a  great  deal  of  latitude 
in  selecting  his  keep  trees  for  other  characteristics.    These  data  indicate  that 
all  trees   having  fusiform  rust  should  be  removed  from  the   stand  before  the 
stand  reaches  an  age  when  natural  regeneration  begins  or  before  seed  collec- 

tions.    Diseased  trees  should  not  be  used  as  parents. 
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Stem  straightness  appears  to  be  a  characteristic  very  important  to  the 
timber  manager.    There  were  big  differences  in  the  amount  of  crook  recorded 
among  different  progenies.     Straight  trees  mean  not  only  high  quality  lumber, 
but  high  quality  pulp  as  well.     The  data  on  forking  were  not  as  clear  cut  and 
strong  as  those  on  crook;   however,  these  tests   included  no  progenies  from 
forked  trees.     There  were  differences  in  forking  among  progenies,   but  the 
data  were  complicated  by  freeze  injury  and  by  the  problems  of  evaluating  sub- 

sequent response  after  injury.   The  data  are  valuable  enough  to  indicate  that  we 
should  consider  forked  trees  as  undesirables  in  our  silviculttural  procedures. 

Where  adequate  data  were  available,   heritability  values  were  computed 
for  these  open -pollinated  slash  pine  progenies.    Height,  d.b.h. ,  pruning  height, 
and  crown  width  were  considered,  and  the  heritability  values  showed  that  these 
characteristics  were  inherited  strongly  enough  to  be  important  to  the  silvicul- 
turist  and  forest  manager.      The  data  here,   of  course,   are  limited  to  a  single 
set  of  studies,   but  the  consistently  high  values  for  many  of  the  heritabilities 
computed  indicate  real  potential  in  terms  of  improvement  of  slash  pine  through 
selection,   whether  at  the  level  of  superior  trees  for  seed  orchards,   or  by  the 
timber  marker  and  his  choice  of  which  trees  to  cut  and  leave. 

The  timber  manager  must  now  reconsider  his  marking  rules  for  slash 

pine  in  terms  of  these  data  and  the  data  of  other  researchers  which  are  be- 
coming available.   He  must  now  consider  the  economic  maturity  values  for  his 

trees,  the  risk  classes  for  disease -infected  trees,   and  stocking  and  spacing 
values  in  terms  of  a  balance  with  the  genetic  aspects  of  silviculture.     Where 
natural  reproduction  will  be  used  and  where  reproduction  may  become  estab- 

lished well  in  advance  of  the  final  harvest  cut,  the  forest  manager  may  have 
to  revise  his  marking  rules  to  have  his  stand  in  final  regenerative  condition 
10  to  15  years  before  the  final  harvest  cut.     Trees  in  those  stands  should  be 
only  the  naost  desirable  which  can  be  left  to  maintain  acceptable  growth  and 
stand  conditions,   and  each  tree  must  be  considered  a  potential  male  as  well 
as  female  parent. 

We  now  have  greater  knowledge  of  the  variation  in  many  traits  of  slash 
pine  and  also  some  indication  of  the  importance  of  environmeiital  factors  such 
as  soil  variability.      Using  this   knowledge  of  variation  and  the  heritability 
values  which  we  have  developed,   selections  can  be  made  for  combinations  of 
good  traits,   and  those  trees  developed  into  synthetic  varieties  of  slash  pine. 
These  tests  show  that  an  opportunity  exists  to  make  appreciable  improvement 
by  selection.     Silvicultural  marking  rules  based  on  individual  phenotypes  can 
be  effective  in  improving  the  average  genotypes  of  future  forests.    The  results 
reported  in  this  paper  show  that  present  activities  in  the  establishment  of  seed 
production  areas  and  seed  orchards  are  on  a  sound  basis. 

In  applying  the  information  from  this  paper,  first  and  forenaost  must  be 
the  consideration  that  tree  improvement  and  genetics  are  not  a  panacea  for  the 
problems  besetting  the  silviculturist.  They  must  be  viewed  as  working  tools, 
just  as  other  information  on  soils,  pathology,  entomology,  ecology,  etc.  This 
paper  is  but  one  of  many  now  being  published  about  the  genetics  of  southern 
pines.  Although  only  one  part  of  the  story,  it  does  point  the  way  to  more 
profitable  forest  management  practices  for  slash  pine  in  the  South. 
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FOREWORD 

In  addition  to  a  historical  summary  of  southern  pine  log  grading  during 
the  past  30  years,  this  paper  presents  specifications  for  grading  southern 
pine  logs.  Yield  and  overrun  tables  are  included,  and  finally  the  usefulness 
of  the  quality  index  concept  is  explained  and  demonstrated. 

Southeastern  Forest  Experiment  Station  Paper  156,  entitled  "A  Guide 
to  Grading  Features  in  Southern  Pine  Logs  and  Trees,"  contains  illustrations 
and  descriptions  of  the  various  types  of  defects  referred  to  in  the  grading 
specifications  in  the  present  paper.  Therefore,  when  pine  log  grades  are 
being  studied  and  applied.  Station  Paper  156  should  be  used  in  conjunction 
with  this  one. 
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Forest  Service   Log  Grades   for   Southern  Pine 
by 

Robert  
A.  Campbell 

INTRODUCTION 

Wood  users  have  long  recognized  and  evaluated  differences  in  timber 
quality  of  southern  pine.     However,  the  many  concepts  of  quality  were  based 
largely  on  individual  experience.     This  varied  concept  of  timber  quality  and 
the  absence  of  a  general  system  or  systems  for  measuring  it  existed  until 
the  1930's. 

In  that  decade,  the  Forest  Products  Laboratory  and  its  cooperators  made 
a  start  toward  the  development  of  grading  systems  by  conducting  several  pine 
yield  studies.     Notable  among  these   early  studies  were  those  conducted  by 
Garver  et  al.  (1931)  and  Reynolds  et  al.  (1944).      By  the   midforties,  three 
southern  pine  log  grading  systems  (Crossett,  Southern  Pine  Association,   and 
Schlatter)  had  emerged.    In  1949,  two  additional  grade  yield  studies  conducted 
by  the  Southeastern  Station  in  South  Carolina  and   Georgia  provided  the  basis 
for  a  new  system  of  grading  pine  logs.      This  system  was  tested  against  the 
three  systems  mentioned  above  and  found  to  be  superior.     Test  results  were 

published  in  1953  as   "Interim  Log  Grades  for  Southern  Pine"   (U.   S.   Forest 
Service  1953),  but  these  were  not  officially  accepted  because  of  limited  location 
and  species  coverage.     Hence  more  studies  were  required. 

The  U.  S.  Forest  Service  became  the  principal  user  of  the  interim  grades; 
in  the  National  Forests  they  were  used  primarily  for  naaking  appraisals;  the 
research  branch  found  them  useful  in  forest  survey,  management,  and  utiliza- 

tion work.  The  interim  grades  performed  well  in  segregating  logs  into  separate 
value  classes,  in  determining  the  present  value  and  the  economic  maturity  of 

pine  trees,  in  determining  alternate  product  use  such  as  saw  logs  versus  pulp- 
wood,  also  in  guiding  milling  practices,  and  in  segregating  cut  logs  into  value 
classes  for  selling  or  buying  purposes. 



However,  the  interim  studies   included  only  two   species  and  two  areas, 
and  so  further  tests  by  area  and  species  were  necessary.      For  this   reason, 
three  studies  were  conducted  in  1956,  including  old  and  second  growth  Arkansas 
shortleaf,   forest  and  old  field  Mississippi  loblolly,    and  north  Florida  slash 
and  longleaf. 

The  principal  positive  results   of  these  three  studies   were  processed 
tables  of  overruns  and  grade  yields.     Although  these  were  never  published,  the 
analysis  uncovered  several  unexplainable  species -location  differences  pointing 
to  the  need  of  a  new  formal  study  including  logs  from  the  original  five  sources. 
Unlike  the   sawing  procedure  in  earlier  studies,   however,   all  logs  would  be 
sawed  at  the  same  mill  by  the  same  sawyer,  and  the  lumber  graded  by  the  same 
Southern  Pine  Inspection  Bureau  inspector. 

In  general,  the  results  of  the   study  conducted  in  1959  were  similar  to 
those  of  the  1956  study.    Analysis  of  the  data  from  all  studies  failed  to  improve 
on  the  predicting  estimates  of  the  interim  grades  proposed  in  1953,    Hence,   on 
a  basis  of  these  findings,  the  Forest  Service  Log  Grade  Committee  in  1961  ap- 

proved the  interim  log  grades  and  made  them  the  standard  southern  yellow  pine 
log  grades  for  the  U,  S.  Forest  Service. 

The  present  paper  would  normally  have  been  published  then  or  in  1962. 
But  because  a  companion  volume  illustrating  and  describing  the  log  grading 
features  which  are  a  pari;  of  the  standard  specifications  was  already  well  along, 
it  was  published  first --as  Southeastern  Forest  Experiment  Station  Paper  156 
(Campbell  1962).     That  booklet  contains  pictures  and  descriptions  of  degrading 
features,  such  as  knots  and  conks;  also  non-degrading  scaled  features,  such  as 
crook  and  fork,  together  with  unsealed  features   such  as  compression  wood, 
pitch  soak,   stain,   etc.      By  contrast,  the  present  writeup  translates  these 
features  into  log  grades  and  resulting  lumber  yields. 

The  first  portion  of  this  paper  deals  with  the  log  grading  procedure  and 
explains  in  detail  the  purpose  of  grading,  the  principles  involved,  the  specifica- 

tions,  and  how  they  are  applied.     The  second  item  of  importance  concerns  lum- 
ber yields  by  log  grade  and  size.   These  yields  are  expressed  in  percent  (of  total 

log  yield)  by  each  of  the  lumber  grades  found  in  these  major  southern  pine  spe- 
cies.   Percentage  overruns  for  logs  of  various  sizes  studied  (6  to  24  inches)  and 

for  each  of  the  three  major  scaling  rules  are   also  indicated  in  graphic  and  in 
tabular  form.     And  finally,  the  quality  index  concept  as  a  useful  research  tool 
in  log  grading  and  evaluation  is  discussed  and  brought  up  to  date. 



GRADING  PROCEDURE 

General  Considerations 

These  grades  apply  to  fresh-cut  longleaf,   shortleaf,   slash,   and  loblolly- 
pine  logs.      They  are  based  on  the  external  surface   characteristics  of  these 

species --more  specifically,  on  the  aggregate  number  and  size  of  various  kinds 
of  knots  relative  to  log  diameter,  with  sweep,  evidence  of  decay,  and  excessive 
dispersion  of  large  or  unsound  knots  acting  as  degrading  factors. 

These  log  grades  are  designed  to  show  differences  in  potential  value  or 
lumber  grade  yields  when  groups  of  logs  are  sawn  into  yard  lumber  that  is 
graded  by  the  Southern  Pine  Inspection  Bureau  Rules.     Grading  southern  pine 
logs  on  this  basis  depends  largely  on  log  diameter  and  the  aggregate  size  and 
number  of  knots  present.      Log  lengths   must  conform  with  local  demands,   but 
since  random  length  lumber  ranging  from  8  to  20  feet  long  satisfies  most  orders 
for  standard  length  yard  lumber,   log  length  has  little  utility  in  differentiating 
the  value  of  yard  lumber  outturn  from  different  logs  with  identical  diameters 
and  knot  patterns.   Hence,  size  and/or  number  of  knots  admitted  in  a  given  grade 
of  yard  lumber  (except  in  B&B)  depends  on  width  of  piece  but  not  its  length. 

Each  log  is  graded  on  its  own  external  surface  characteristics  and  not  on 
those  of  adjoining  logs  in  a  tree  or  on  an  estinaation  of  its  lumber  grade  output. 

Because  logs  are  graded  on  external  surface  characteristics,  these  grades 
can  be  applied  to  standing  live  trees  as  well  as  to  cut  logs.    This  is  particularly 
true  because  of  the  insensitivity  of  the  grades  to  length  between  8  and  20  feet. 
Yard  lumber  logs   shorter  than  8  feet  are  outside  the  scope  of  these  grades;  so 
also  are  those  longer  than  20  feet  except  when  graded  as  two  or  more  pieces. 

Research  has  shown  that  the  best  and  most  consistent  results  are  obtained 

when  all  four  log  faces  are  graded.  Hence  these  log  grades  require  the  applica- 
tion of  the  specifications  to  all  four  log  faces. 

Definitions  and  Measurements 

Log.  --Any  tree  section  between  8  and  20  feet  long  (plus  trim),  measuring 
at  least  4|  inches  in  diameter  at  the  small  end.i/ 

Log  face.  --A  portion  of  the  log  surface  equal  to  one -fourth  the  circum- 
ference extending  full  length  of  the  log  (each  log  has  four  faces). 

Quarter  face.  --A  portion  of  the  log  surface  equal  to  one -fourth  the  cir- 
cumference extending  one -fourth  the  log  length.  A  quarter -face  area  can  be 

outlined  anywhere  on  a  log. 

D.  --Average  diameter  at  small  end  of  log  inside  bark  to  nearest  whole 

inch,   usually  called  "scaling  diameter." 

1/  In  addition.   Forest  Service  practice  requires  a  log  to  be  at  least  one -third  sound. 



Log  knot.  --Any  visible  branch,    stub,    or  socket  over  f  inch  in  average 
diameter,   or  evidence  thereof.      Diameter  of  log  knots   is   measured  to  the 
nearest  average  whole  inch  outside  bark  at  junction  of  limb  with  collar,   or  the 

outside  complete  limb  growth  ring  if  limb  is  cut  flush  with  log  surface.    Illus- 
trations of  this  defect  and  other  grading  features  discussed  on  this  page  are 

shown  in  Station  Paper  156. 

a.  Sound:    any  log  knot  which  does  not  contain  advance  decay  or 
does  not  contain  a  hole  larger  than  \  inch  in  diameter  and 
extending  into  the  log  2  or  more  inches. 

b.  Unsound:    any  log  knot   containing  advance  decay  or  a  hole 
larger  than  ̂   inch  in  diameter  and  2  or  more  inches  deep. 

c.  Overgrown:    any  log  knot  buried  below  the  bark  surface  but 
indicated  by  a  disturbance  of  the  bark  pattern. 

d.  Oversize:    any  sound  log  knot  with  diameter  larger  than  D/6. 

K  count.  --A  numerical  log  knot  factor  used  in  association  with  log  diam- 
eter for  placing  a  log  in  its  tentative   grade;   it  is  the  number  of  visible  over- 

grown log  knots,  plus  the  sum  of  average  diameters  of  sound  log  knots,  plus 
twice  the  sum  of  the  average  diameters  of  unsound  log  knots. 

Sweep.  --The  general  deviation  of  the  longitudinal  log  axis  from  a  straight 
line  connecting  geometric  centers  of  the  log  ends.     It  is  measured  to  the  near- 

est whole  inch  at  the  point  of  greatest  deviation.    Sweep  must  measure  3  inches 
and  equal  or  exceed  D/3  to  constitute  a  defect. 

Procedures  and  Specifications 

Southern  pine  logs  are  graded  in  two  steps.   First  they  are  given  a  tenta- 
tive grade  based  on  diameter  and  K  count;   secondly,   they  are  given  a  final 

grade  based  on  other  degrading  factors.     Step  1  consists  of  determining  D  and 
total  K  count  on  all  four  faces.     Establish  a  tentative  grade  according  to  the 
following  tabulation: 

Grade        Minimum  scaling  diameter  (D) 
(Inches) 

I  17 
n  10 
m  5 
IV  5 

Maximum  knot  count  (K) 

D/5 

D/2 
no  limit 
no  limit 

As  step  2,   determine  in  the  sequence  listed: 

Sweep.  --Degrade  any  tentative  I,  II,  or  III  grade  log  one  grade  if  sweep 
is  at  least  3  inches  and  equals  or  exceeds  D/3.  (This  is  the  final  grade  if  the 
log  has  no  evidence  of  heart  rot  and  no  rotten  or  oversize  knots. ) 

II 



Heart  rot.  --Degrade  any  tentative  I,  11,  or  III  grade  log  one  grade  if 
conk,  massed  hyphae,  or  other  evidence  of  advanced  heart  rot  is  found.  (This 
is  the  final  grade  if  the  log  has  no  unsound  or  oversize  knots.  ) 

Unsound  or  oversize  knots.  --Degrade  any  tentative  grade  III  log  to  grade 
IV  if  unsound  or  oversize  knots  are  dispersed  so  that  they  cannot  be  contained 
in  one  quarter  face. 

GRADE  YIELDS  OF  SOUTHERN  PINE  LOGS 

Current  grade  yield  data  were  developed  from  some  1,681  logs  represent- 
ing both  the  1956  and  1959  studies.  The  lumber  yields  include  2 -inch  dimension 

material,   but  stress  grade  material  was  not  so  identified. 

At  first,   sound  and  defective  logs  were  analyzed  separately.     This  sepa- 
ration reduced  some  variances  and  eliminated  some  of  the  questionable  results 

of  the  earlier  studies.     However,   because  of  the  small  amount  of  defect  found 
in  the  study  logs  and  because  defective  logs  are  included  in  appraisals,  the 
final  yield  tables  include  both  sound  and  defective  logs. 

Lumber  grade  yields  by  species  were  analyzed  separately.     Because  of 
similarities  in  yields  within  log  grades  and  diameter  classes,   it  was  possible 
to  combine  slash  and  longleaf  into  one  yield  table  and  loblolly  and  shortleaf 
into  another.     (See  tables  1  and  2.  )     Because  of  differences  between  these  two 
groups,   especially  in  regard  to  yields  of  the  valuable   select  grades,   it  was 
considered  advisable  to  maintain  these  species  groups  and  not  combine  them 
further.     These  species  group  differences  are  quite  evident  in  figure  1. 

Since  both  slash  and  longleaf  were  sampled  at  one  Florida  location,  there 
was  no  opportunity  to  study  location  differences.   On  the  other  hand,  an  analysis 

of  shortleaf  and  loblolly  logs  from  Arkansas  and  Mississippi  revealed  no  ap- 
preciable yield  differences  due  to  location.      No  difference  due  to  condition 

class  was  found  for  slash  versus  longleaf,    since  all  logs  were  from  a  single 

uniform  location.     Yields  of  shortleaf  and  loblolly  logs,  however,  differed  sig- 
nificantly by  condition  class.      Old  growth  shortleaf  and  forest  grown  loblolly 

logs  were  generally  of  higher  value  than  those  of  second  growth  shortleaf  and 
old  field  loblolly.      Consequently,   grade  I  is  composed  largely  of  the  former, 
whereas  the  second  growth  and  old  field  logs  were,  for  the  most  part,  relegated 
to  the  lower  grades. 

So  few  slash  and  longleaf  logs  over  17  inches  d.i.b.  were  found  in  these 
studies  that  no  yield  table  for  grade  I  logs  was  developed.     Furthermore, 
grade  II  is  composed  largely  of  slash  pine,  but  the  bulk  of  the  longleaf  falls 
into  grades  III  and  IV.     Yields  of  select  grades  of  lumber  from  grade  n  slash 
pine  logs  were  the  highest  of  any  southern  pine  species  studied  to  date.    Yields 

of  D  select  and  better  lumber  averaged  over  55  percent  of  the  total.     In  con- 
trast, grade  I  logs  of  the  loblolly -shortleaf  group  averaged  less  than  50  percent 

in  the  same  upper  lumber  grades  (see  fig.  1). 
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Figure  1.  --Southern  pine  green  lumber  yield  by  log  grade.  All  logs  from  1956-1959  data. 
These  graphs  illustrate  the  reasons  for  keeping  the  yields  by  species  groups  separate. 

Note  the  large  proportion  of  high-value  selects  in  the  slash -longleaf  group  of  grade  II 
logs  in  contrast  to  that  for  the  loblolly -s ho rtleaf  group. 



Table  1.  --Green  lumber  yields  for  slash  and  longleaf  logs-l/ 

LOG  GRADE  II 

Log 

d.i.b. 

(inches) B&B 

Lumber  grades 

D 
and/or 

IC 

ID 2C 
2D 

3C 3D 

4C Logs 

_     _     _ -  Percent  - _   .  _ Number 

10 9 22 
31 

25 
8 3 2 0 0 

15 

11 11 22 30 23 9 3 2 0 0 3 
12 14 21 

28 

22 
10 3 2 0 0 

19 

13 17 20 
27 21 

11 2 2 0 0 11 

14 20 20 26 19 12 1 2 0 0 

15 

15 22 20 24 17 14 1 2 0 0 9 

16 25 18 23 
16 

16 

0 2 0 0 2 

Average 17 20 26 22 11 

LOG  GRADE  III 

6 1 6 
12 

32 30 

18                 1 0 0 30 

7 1 7 13 

30 

31 17 I                   0 0 27 

8 2 7 14 

27 
33 16 L                   0 0 26 

9 2 8 
15 

25 

34 

15                  ] I                   0 0 

35 

10 3 8 17 

22 

35 

14 L                   0 0 23 

11 3 9 
18 

20 36 

13 

L                   0 0 26 

12 4 9 19 17 38 12 L                   0 0 27 
13 4 10 

20 
15 40 10 L                   0 0 

19 

14 5 10 
21 

12 

42 

9 L                   0 0 

10 

15 5 11 22 10 43 8 L                   0 0 5 

16 6 11 
24 

7 44 7                  1 L                   0 0 1 

Average 17 
18 

39 

12 

LOG  GRADE  IV 

6 0                    1                    3                 10 43 38 0 5 0 12 

7 0                    13                    9 
47 

35 0 5 0 32 

8 0                    13                    9 

50 32 

0 5 0 32 

9 0                    13                    8 
53 

29 1 5 0 36 

10 0                    13                   7 

57 26 

1 5 0 

34 

11 0                    13                   6 60 23 2 5 0 16 

12 0                    13                   6 65 18 2 5 0 

10 

13 0                    13                    5 70 

14 

2 5 0 3 

14 0                    13                   4 

73 

11 3 5 0 2 

15 0                    13                   4 77 7 3 5 0 1 

16 0                   13                  3 
80 

4 4 5 0 0 

Average            0                  13                  7 
57 

25 

2 5 0 

U Based  on  curved  data  from  1956-1959  studies. 



Slash  and  longleaf  grades  in  and  IV  contained  adequate  samples  of  each 
species,    with  a  total  of  229  logs   in  the  former   and   178  logs   in  grade  IV. 
Actually,   it  was  the  similarity  of  slash  and  longleaf  yields,   analyzed  sepa- 

rately,  in  these  grades  that  dictated  one  yield  table  for  both. 

Grade  I  loblolly-shortleaf  logs  performed  as  expected,   increasing  yields 
in  the  better  lumber  grades  with  increasing  log  diameter.     Log  grades  III  and 
IV  resulted  in  definite  but  different  yield  trends  from  those  expected.    Grade  m 
yields  increased  in  the  better  grades  with  an  increase  in  diameter.     However, 
grade  IV  yields  averaged  only  3  percent  in  the  select  grades  and  did  not  in- 

crease with  log  diameter.     Accordingly,   a  significant  value  difference  exists 
between  the  two  grades. 

Table  2.  --Green  lumber  yields  for  loblolly  and  shortleaf  logs^ 

LOG  GRADE  1 

Log 

d.i.b. 
(inches) B&B 

Lumber  grades 

D 
and /or IC 

ID 2C 

2D 

3C 

3D 

4C 

4D 

Logs 

I 
-  -  - 

—  Percent  —  ■ -  _  - Number 

17 22 8 
18 18 15 

9 6 4 0 0 23 
18 24 8 18 

17 
15 8 6 4 0 0 20 

19 25 8 18 

15 

16 7 7 4 0 0 14 
20 26 8 19 14 16 6 7 4 0 0 5 

21 27 
8 19 12 17 5 8 4 0 0 8 

22 28 8 20 11 

17 

4 8 4 0 0 8 
23 30 8 

20 
8 

18 

3 9 4 0 0 3 
24 31 8 

21 
7 

18 

2 9 4 0 0 0 
25 32 

8 
21 

5 

19 

1 10 4 0 0 0 
26 34 8 

22 
3 19 0 10 4 0 0 1 

Average 25 8 20 12 17 6 8 4 0 0 

LOG  GRADE  E 

10 20 
11 

20 
25 

11 8 1 3       ] I       0 21 
11 20 

10 

20 
25 

12 

8 1 3       ] L       0 

15 

12 19 
10 

20 24 

13 

8 2 3      ] L       0 32 
13 19 

10 

20 
24 

13 

8 2 3       ] L       0 19 
14 18 9 

20 
24 14 8 3 3       ] L       0 41 15 18 

9 
20 

23 14 8 4 3       ] L       0 32 
16 

18 
9 20 23 14 8 4 3       ] L       0 36 

17 
17 

9 
20 

23 14 8 5 3       ] L       0 10 
18 17 8 20 22 

15 

8 6 3       ] L       0 7 
19 16 8 

20 
22 16 8 6 3       ] L       0 6 

20 16 8 
19 

21 

17 

8 7 3     : I       0 3 

21 
16 

8 19 21 17 8 7 3       ) L       0 0 
22 

15 
7 19 21 

18 

8 8 3       ] L       0 2 
23 

15 
7 19 20 19 8 8 3       ] L       0 0 

24 14 7 
19 

20 
19 8 9 3       ] L       0 2 

Average 
17 

9 19 23 

15 

8 5 3 L       0 

i/  Based  on curved  data  from 1956-1959  studies. 



Table  2.  --Green  lurrber  yields  for  loblolly  and  shortleaf  logs  J' (continued) 

LOG  GRADE  IE 

Lumber 

grades 
Log 

d.i.b. D 

Logs 

(inches) B&B C and /or IC 
ID 2C 2D 3C 3D 

4C 

4D 

sent  -  -  - 

Number 

-  -  Per 

6 1 3 4 46 8 28 3 6 0 31 
7 1 3 5 43 10 

28 

3 6 0 24 
8 2 3 5 40 

12 

28 3 6 0 35 
9 2 3 6 

37 
14 

28 

3 6 0 34 
10 3 3 6 

34 

16 

28 3 6 0 

34 

11 3 3 7 31 
18 28 

3 6 0 

42 

12 4 3 7 28 20 28 3 6 0 60 
13 4 3 8 

25 
22 28 3 6 0 37 

14 5 3 8 22 24 28 3 6 0 

48 

15 5 3 9 
19 

26 28 3 6 0 26 

16 6 3 10 16 27 28 3 6 0 23 
17 6 3 

11 
13 29 28 3 6 0 16 

18 6 3 12 
10 

31 28 3 6 0 10 
19 7 3 

12 
7 33 28 3 6 0 4 

20+ 7 3 
13 

4 35 28 3 6 0 7 

Average 5 3 10 21 23 

28 

3 6 1 0 

LOG  GRADE  IV 

6 2 6 
26 

38 4 

21 

0 23 
7 2 6 

26 
37 5 

21 

0 31 
8 2 5 26 37 6 21 0 

57 

9 2 5 26 36 7 

21 

0 

66 

10 2 4 26 36 8 21 0 68 
11 2 4 26 35 8 

21 

1 

47 
12 2 3 26 35 9 

21 

1 34 
13 2 3 

26 34 

9 21 2 

42 

14 2 2 26 

34 

10 

21 

2 28 
15 2 2 26 32 11 

21 

3 

21 
16 2 2 26 32 

11 21 

3 23 
17 2 1 

26 31 

12 

21 

4 5 
18 2 1 

26 31 

12 

21 

4 10 
19 2 0 26 30 13 

21 

5 2 

20+ 2 0 26 

30 

13 

21 

5 4 

Average 1 1 2 3 
26 

32 

11 

21 2 1 

H  Based  on  curved  data  from  1956-1959  studies. 

The  yields  of  grade  n  loblolly-shortleaf  logs  raised  serious  questions. 
Instead  of  increasing,  the  yields  of  the  better  lumber  grades  decreased  with 
increasing  log  size.    A  close  look  at  the  grading  specifications  reveals  a  logi- 

cal explanation  for  this  occurrence.     Logs  must  be  17  inches  to  qualify  for 
grade  I.     Thus,   most  of  the  good  large  logs  are  in  grade  I,   and  the  large  logs 
in  grade  11  are  composed  of  rejects.    Smaller  logs  (10  to  17  inches)  even  though 
surface  clear  do  not  qualify  for  grade  I,   and  consequently  the  best  fall  into 
grade  II.     This   set  of  conditions  explains  why  the  grade  n  loblolly-shortleaf 
selects  in  figure  1  run  high  in  the  smaller  log  sizes  and  low  in  the  larger.    This 
is  one  of  the  arbitrary  features  that  should  be  recognized  in  these  southern  pine 
log  grades. 
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To  this  point  grade  yields  have  been  limited  to  green  lumber.    Dry  lum- 
ber yields  have  also  been  computed  and  are  shown  in  tables  3  and  4.     They  are 

based  on  grade  changes  observed  in  the  three  1956  yield  studies.     The  con- 
version factors  have  been  programed  for  electronic  data  processing. 

Table  3.  --Dry  lumber  yields  for  slash  and  longleaf  logs  J/ 

LOG  GRADE  II 

Log 

d.i.b. 

(inches) B&B 

Lumber  grades 

D 
and /or IC 

ID 
2C 2D 3C 3D 

4C Mfg. 

loss 

Logs 

10 18 
13 

22 21 

—  Percent 

14 6 3 L       0 2 

Number 15 

11 19 13 
21 

20 14 6 4       1 L       0 2 3 
12 

21 

13 
21 18 

14 

5 5       1 L       0 2 19 
13 

23 

13 

20 
17 

14 

5 5       1 L       0 2 11 
14 25 13 

19 15 
14 5 6       ] L       0 2 

15 

15 
26 

13 19 14 14 4 7     : L       0 2 9 
16 28 13 19 

13 
14 3 7       ] L       0 2 2 

Average 23 
13 

20 17 
14 

LOG  GRADE   HI 

6 5 4 
10 27 

23 19 6 4 0 2 

30 

7 5 5 11 
25 25 18 

6 3 0 2 

27 

8 6 5 
12 

23 

26 

16 7 3 0 2 26 
9 7 5 12 21 

27 

16 

7 3 0 2 35 
10 8 6 14 

18 
28 14 7 3 0 2 23 

11 8 6 
15 17 

29 13 7 3 0 2 26 
12 9 7 

15 14 

31 

12 

8 2 0 2 

27 

13 10 7 16 13 32 

10 

8 2 0 2 

19 

14 11 8 17 10 33 9 8 2 0 2 10 
15 11 8 

18 
9 

34 

8 9 1 0 2 5 
16 12 8 19 6 36 7 9 1 0 2 1 

Average 
15 15 

31 

12 

LOG  GRADE  IV 

6 2 6 11 30 33 7 8 0 2 12 
7 2 6 

10 
33 31 7 8 0 2 32 

8 2 6 10 

35 

29 8 7 0 2 32 
9 2 6 9 

37 

26 9 7 2 

36 

10 2 7 8 

40 

23 10 6 2 34 
11 2 7 7 43 20 11 6 2 16 
12 2 8 6 46 17 12 5 2 10 
13 2 8 5 50 

13 13 

5 2 3 
14 2 8 4 

52 

11 

14 5 2 2 
15 2 2 9 4 54 8 14 4 2 1 
16 2 2 9 3 56 5 16 4 2 0 

Average 2 1 7 8 

40 

22 11 6 1 2 

J/  Based  on  curved  data  from  1956-1959  studies. 



Since  the  grade  yields  shown  in  the   accompanying  tables   are  southwide 
averages,  local  mill  scale  studies  should  be  used  to  get  an  imbiased  estimate  of 
the  averages  by  log  grade  and  size  for  a  specific  locality.     Aggregate  lumber 
tallies  by  grade,  thickness,  and  width  of  lumber  sawn  from  about  50  represent- 

ative logs  within  each  of  4  log  grades  should  suffice. 

11 

Table  4.  --Dry  lumber  yields  for  loblolly  and  shortleaf  logs  J^ 

LOG  GRADE  I 

Lumber 

grades 
Log 
d.i.b. D 

Mfg. 

loss 

Logs 

(inches) B&B C and/or IC 
ID 2C 2D 

3C 

3D 

4C 

—  —  13oT* . 
Number 

23 17 22 7 14 
15 

-  -  srGT 

16 

3ent  -  -  - 
11 8 4 2 

18 
24 7 14 14 

16 

10 8 4 2 20 
19 25 8 14 

12 
17 9 8 4 2 

14 

20 25 8 
15 12 

17 8 8 4 2 5 

21 26 8 
15 

10 
18 

7 9 4 2 8 
22 27 8 16 9 

19 
6 9 3 2 8 

23 28 8 16 7 20 5 10 3 2 3 
24 29 8 17 6 20 4 10 3 2 0 
25 30 8 17 4 

21 
3 11 3 2 0 

26 32 9 
17 

2 
21 

2 11 3 2 1 

Average 
25 8 15 10 

18 
8 9 4 1 2 

LOG  GF lADE  II 

10 22 8 15 
20 

13 11 4 4 2 21 
11 21 8 

15 
20 14 

11 

4 4 2 15 
12 20 8 15 20 14 11 5 4 2 

32 

13 20 8 
15 

20 

14 

11 5 4 2 19 

14 19 7 
15 

20 
15 

11 6 4 2 

41 

15 19 7 
15 

19 
15 11 

7 4 2 

32 

16 19 7 
15 

19 
15 

11 7 4 2 36 
17 19 7 15 19 15 11 7 4 2 10 
18 18 7 15 

18 16 11 

8 4 2 7 
19 18 7 15 

18 

17 

10 8 4 2 6 
20 18 7 

14 
17 18 

10 

9 4 2 3 
21 18 7 

14 
17 18 10 9 4 2 0 

22 17 6 
14 

17 
19 

10 10 4 2 2 

23 17 6 14 
16 

19 

10 

10 4 2 2 0 
24 16 6 14 

16 
20 10 10 4 2 2 2 

Average 19 7 14 19 16 11 7 4 1 2 

J/  Based  on  curved  data  from  1956-1959  studies. 
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Table  4.  --Dry  lumber  yields  for  loblolly  and  shortleaf  logs^^  (continued) 

LOG  GRADE  IE 

Log 

d.i.b. 
(inches) B&B 

Lumber  grades 

D 
and/or 

IC ID 2C 2D 

3C 

3D 

21 

4C Mfg. 

loss 

Logs 

6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 

19 
20 

Average 

Percent 

4 39 7 

31 
4 36 8 31 

5 

34 

10 30 

5 32 11 

30 
6 29 13 29 

7 

27 

14 28 

7 24 16 28 

7 22 

17 

28 

8 20 

19 

27 
8 17 20 

27 
9 

15 

22 26 

9 

13 

23 

26 
10 10 

25 

25 

11 
8 26 24 

11 
6 

27 24 

10 

10 
10 

9 
9 
9 
9 
9 
9 
9 
9 
9 

Number 

31 
24 

35 

34 
34 

42 

60 

37 

48 

26 
23 
16 

10 

4 
7 

19 19 

27 

LOG  GRADE  IV 

6 2       ) 4 8 19 

37 

7 20 1 

23 

7 2       ] 4 8 

20 

36 7 

20 

1 

31 

8 2       1 4 7 20 36 8 

20 

1        ] 

57 

9 2       ] 4 7 20 

35 

9 20 1       1 I       66 

10 2 4 6 

20 
34 

10 

20 

2       1 

68 

11 2       ] L        4 6 21 34 10 19 2       ] 47 
12 2 I        4 6 21 33 11 

19 

2 

34 

13 2 I        4 6 21 

32 

12 

19 2 L       42 
14 2 L        4 5 

21 

32 12 19 3       ] 28 
15 

2 L        4 4 22 

31 

13 19 

3 

21 

16 2 I       4 4 22 30 14 19 3       ] 23 

17 2 L       4 4 22 

29 

15 

19 3 I        5 
18 2 L       4 3 23 29 

15 

19 3 I        10 
19 2 L       4 3 23 

28 16 18 

4 I        2 

20 2 L        4 3 23 

27 

17 

18 

4 L        12 

Average 2 L        4 5 

21 32 

12 19 3 I 

i/  Based  on  curved  data  from  1956-1959  studies. 
2/  Includes  1  percent  4D  in  grade  III  logs  and  2  percent  in  grade  IV  logs. 
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OVERRUN 

Overrun  and  underrun  data  were  collected  for  the  four  major  pine  spe- 

cies during  the  1956  and  1959  studies.  Each  of  the  1,491  logs  was  carefully- 
scaled  by  the  Doyle,  Scribner  Decimal  C,  and  International  ^-inch  log  rule. 
All  logs  were  sawed  on  circular  mills  and  the  variations  shown  are  based  on 
green  lumber  tallied  for  each  log.  Only  full  scale  (sound)  log  data  are  shown 
in  table  5.  The  wide  variation  in  overrun  of  the  190  defective  logs  militated 
against  their  inclusion  in  this  table. 

These  data  were  analyzed  separately  by  species,  location,  log  grade,  and 
size.     Log  size  proved  most   important  from  the  practical   standpoint.     The 
values  shown  in  the  table  were  derived  from  regression  computations. 

Many  studies  of  overrun  and  underrun  by  different  scales  and  log  grades 
have  been  published  in  the  past.     Overrun  is  influenced  far  more  by  log  scale 
than  by  log  grade,   but  also  at  any  one  mill  by  the  width  and  thickness  of  the 
product,  the  mill  efficiency,   and  the  ability  of  the  sawyer. 

Table  5.  --Variations  in  some  log  scales  compared  with  green  lumber  tally  of  southern  yellow  pine- 

Log 

d.i.b. 
(inches) 

Log  rule 

Doyle Scribner  Decimal  C International  i  inch 

Logs 

6 +400 

7 200 
8 130 

9 
90 10 
70 

11 50 
12 

42 

13 32 

14 26 
15 

20 

16 16 
17 

12 18 8 
19 4 

20 0 

21 

-2 

22 

-4 

23 

-6 

24 

-8 

Percent 
+28 

26 23 
21 
19 
17 

14 12 
10 

8 

5 
3 
1 

-2 -4 

-6 
-8 

-10 -13 

Number 

-2 

89 

-2 

102 

-3 

134 

-3 

162 

-4 

155 

-4 

132 

-5 

167 

-5 

119 

-6 

128 

-6 

85 

-7 

74 

-8 

43 

-8 

42 

-9 

22 

-9 

16 10 8 
11 

8 
11 3 
12 2 

Total 

1.491 

1/  Results  shown  are  based  on  green  lumber  tally  of  sound  logs  obtained  from  log  grade  studies 
in  1956  and  1959. 



QUALITY  INDEX 

Quality  index  is  a  numerical  expression  indicating  the  value  of  a  given 

log  on  a  1,000 -board -foot  basis  in  relation  to  the  value  of  a  base  lumber  grade. 
Quality  index  for  southern  pine  was   developed  by  L.  R.  Grosenbaugh  in  1949 

and  first  published  in   "Interim  Log  Grades  for  Southern  Pine."     The  system 
was  developed  to  take   advantage  of  the  reasonably  constant  relative  price 
structure  which  prevailed  from  1915  to  1949  (excepting  World  War  II  years). 
The  original  indices  were  based  on  the  percentage  relationship  which  various 
average  item  prices  have  borne  to  the  price  of  a  No.  2  common  standard  length 

l"x  8"  kiln  dried  S4S  board.      An  adaptation  is   shown  in  table  6.      That  price 
qualified  as  the  base  because  the  volumes,   values,   and  prices  of  other  lumber 
items  and  grades  had  tended  to  bear  steady  relationships  to  the  No.  2  common 

lumber.     By  means  of  these  indices,   a  single  value  for  each  log  can  be  calcu- 
lated which  is  proportional  to  the   average  value  per  thousand  board  feet  of 

green  or  dry  lumber  obtained  from  the  log.     For  example,   a  log  with  a  quality 
index  (abbreviated  Q.  I.  )  value  of  125  means  that  this  log  is  worth  125/100  times 
the  base  lumber  rate  of  a  No.  2  common  8 -inch  board.   If  such  a  board  is  worth 
$80  per  M  bd.  ft.   on  the  market,   a  thousand  board  feet  of  logs  such  as  the  one 
mentioned  above  is  worth  $80  x  1.25,   or  $100. 

Table  6.  --Grade -width-thickness  quality  indices 
for  shortleaf  yellow  pine  lumber  1/ 

Nominal 
inches 

thickness 
Grade 

Nominal  inches  width 

5 
and 
10 

12 

B&B  220  220  220  235  310 

C  180  180  180  200  245 

No.   IC  155  155  155  165  200 

No.  2C  85  100  100  100  115 

No.  3C  60  80  85  85  85 

Table  7.  --Quality  indices  based  on  1958-59 
southern  yellow  pine  lumber  prices  1/ 

Nominal 
inches 

thickness 
Grade 

Nominal  inches  width 

10 

12 

B&B  165  170  175  180  210 

C  150  155  160  165  180 

D  120  130  140  150  160 

No.   IC  120  125  135  140  150 

No.  2C  90  100  100  100  110 

No.  3C  65  85  85  80  80 

2  No.   ID       110        100        105         115         130 

No.  2D        110  90  95         110         110 

No.  3D  65  65  65  65  65 

1/  Basis:  16  ft.  length  for  dimension,  standard 
lengths  for  others.  KD  and  S4S  for  No.  2  or  better 
material,  AD  and  S4S  for  other  material.  Index 

base  is  No.  2  common  l"x  8"  board  price,  equiva- 
lent to  100  in  the  above  table.  Lumber  grades  are 

those  of  the  Southern  Pine  Inspection  Bureau  of  the 
Southern  Pine  Association,  New  Orleans,  Louisiana. 

2  No.   ID        110         110         115        115        120 

No.  2D        100         100        105        110        115 

No.  3D  65  80  85  80  80 

1/  Basis:  16  ft.  length  for  dimension,  standard 
lengths  for  others.  KD  and  S4S  for  No.  2  or  better 
material,  AD  and  S4S  for  other  material.  Index 

base  is  No.  2  common  l"x  8"  board  price,  equiva- 
lent to  100  in  the  above  table.  Lumber  grades  are 

those  of  the  Southern  Pine  Inspection  Bureau  of  the 
Southern  Pine  Association,  New  Orleans,  Louisiana. 



15 

Q.  I.   thus  becomes  a  useful  research  tool,   since  it  makes  possible  a 
comparison  of  log  values  and  log  grades  directly  without  stating  the  quantity  of 

each  grade  of  lumber  included  in  the  log.    It  also  provides  a  tool  for  compara- 
tive analysis  without  necessity  of  the  cumbrous  process  of  computing  the  per- 
cent volume  and  value  of  each  grade  of  lumber  involved. 

Probably  the  most  valuable  aspect  of  Q.  I.  is  that  it  permits  an  appraiser 

to  compare  values  at  different  locations  or  periods  of  time  without  being  influ- 
enced unduly  by  the  price  variables  involved. 

There  have  been  some  real  and  varied  price  changes  in  southern  pine 
since  publication  of  the   original  indices.      According  to  Row  and  Guttenberg 
(1962),  the  spread  between  the  price  of  boards  and  dimension  has  been  steadily 
narrowing  since  1955.      Furthermore,  the  price  ratio  of  B&B  lumber  to  No.  2 
common  boards  has  dropped  approximately  18  percent,  while  the  ratio  between 
No.  2  dimension  and  No.  2  common  has  increased  some  20  percent. 

Meanwhile  the  sensitivity  of  quality  index  as  a  measuring  tool  has  been 
somewhat  dulled  by  the  price  erosion  of  the  finished  grades  of  lumber.     This 

price  change  and  the  changed  ratio  of  the  dimension  grades  have  raised  ques- 
tions  about  the  usefulness  of  the  first  Q.  I.   table:   hence  the  development  and 

inclusion  of  a  new  table  (table  7)  based  on  lumber  prices  for  the  year  1958-1959. 
Only  time  will  tell  whether  the  new  Q.  I. 's  will  be  as  stable  as  the  earlier  ones. 
As  of  September  1963,  they  appeared  soimd.      The   average   quality  index  by 
species,   log  grade,   and  size  is  listed  in  table  8,    and  illustrated  in  figure  2. 

Table  8.  --Quality  index  values 

SLASH  AND  LONGLEAF 

Log 

d.i.b. 
(inches) 

Green  lumber  yields  by  log  grade -- Dry  lumber  yields  by  log  grade  -  - 

I 
II 

ni IV I 

II 

III IV 

10 
12 

14 
16 

Average 

-- 
113 106 

-- 114 
105 

130 115 104 
132 116 103 
134 117 

101 
135 118 100 

132 116 

-- 110 103 
-- 111 102 

126 112 101 
127 113 101 
129 115 

99 

130 115 
99 

103 128 113 
101 

SHORTLEAF  AND  LOBLOLLY 

10 -- 128 
12 -- 

127 
14 -- 126 
16 -- 126 
18 127 124 
20 128 122 

22 129 120 
24 130 119 

00 

-- 

-- 
108 

100 
00 -- -- 108 

100 99 

-- 

124 109 99 98 
-- 122 109 

99 

98 

-- 121 
109 98 

97 -- 
120 

109 

97 96 

122 
119 

108 

97 

95 123 
118 -- -- 

-- 124 117 -- -- 
-- 125 

116 

-- 

-- 

Average 127 124 111 97 123 120 
109 

98 
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140 

130 

I? 

^I20(— 

Or no 

90 

  1  i  I  1  I  T" 
LOBLOLLY-SHORTLEAF  LOGS  •   • 

LONGLEAF-SLASH  LOGS  x- -x_  _--'X  GRADE
  U 

GRADE! 

-— X  GRADE  N 

GRADE  N 

10  12  14  16  18 
LOG  DIB.  (INCHES) 

20 22 

80 

24 

72 

Figure  2.  --These  curves  show  the  effect  of  log  size  and  grade  on  lumber  values  per 
M  bd.  ft.  of  sawed  lumber.  Note  that  values  generally  increase  with  log  size  in  the 
case  of  slash -longleaf,  whereas  they  generally  decrease  as  size  increases  in  the 
loblolly -shortleaf  group.     Based  on  1958-1959  lumber  prices. 

Where  local  grade  yields  and  prices   are   available,  the  local  weighted 
values  of  a  log  or  a  group  of  logs  can  be  computed.     A  sample  log  1  3  inches  in 
diameter  by  16  feet  long  is  illustrated  as  follows: 

Lumber  value 
Thickness Lumber indices 

Weighted 
Grade width 

(Inches) 

tally 

(Bd.  ft. ) 
(from  table  7) indices 

B&B 1x8 18.7 
175 

3,272 C 1x6 
5.0 

155 775 

No.  2C 1x4 5.3 
90 

477 

No.  ID 2x10 80.0 

109.0 

115 

9,200 Total 
13,724 

Mill  tally  Q I.   for  log  = 
13,724   _ 

109      -  ̂
26 Totaling  the  lumber  tallies  and  weighted  indices  for  the  group  of  logs  of 

a  given  log  grade  and  dividing  the  index  total  by  the  tally  total  will  give  the 
average  quality  index  for  that  log  grade. 
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SUMMARY 

This  report  combines  some  30  years  of  southern  yellow  pine  grade -yield 
research.     The  result  is  a  log  grading  system  for  southern  yellow  pine  yard 
lumber  second  to  none  in  common  use  today.      Over  10  years  of  continuously 
good  performance  in  U.   S.   Forest  Service  work  coupled  with  subsequent 
analyses  and  successful  regional  trials  attest  to  this  fact.   This  grading  system 
is  recommended  to  southern  pine  timber  buyers,    sellers,   and  processors. 

This  more  complete  publication  supersedes  the  Interim  Report  issued  by 
the  U.  S.  Forest  Service  in  1953.  Its  purpose  is  basically  the  sam.e--to  explain 
and  encourage  the  use  of  the  now -standard  Forest  Service  pine  log  grades. 

In  the  study  and  application  of  these  recommended  log  grades,  it  will  be 
most  helpful  if  this  paper  is  used  in  conjunction  with  Station  Paper  156,  which 
illustrates  and  identifies  most  of  the  grading  features  specified. 
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NOTICE 

allowing  paragraphs  are  a  generalized  summary  drawn  from  a  recent  Station  publication  by  Dr.  John  C. 

r  on  "Inherent  Variation  Among  Slash  Pine  Progenies  at  the  Ida  Cason  Callaway  Foundation."  Only  a 
d  distribution  of  the  full  text  has  been  made  to  workers  in  the  field  of  tree  breeding  research.  Copies 
/ailable  on  request;   please  ask  for  U.  S.  Forest  Service  Research  Paper  SE-10. 

The  Ida  Cason  Callaway  Foundation  began  a  tree  improvement  project  in  1949.  The  first 
phase  of  the  program  was  the  establishment  of  tests  of  selected  trees  of  the  four  major  spe- 

cies of  southern  pine  (Pinus  elliottii,  P^.  taeda,  P^.  echinata,  P.  palustris)  using  progenies 
grown  from  wind  pollinated  seed.  The  tests  of  slash  pine  which  were  planted  in  the  field  in 
1952  and  1953  were  examined  periodically,  and  data  collected  at  ages  up  to  9  years  and  up  to 
8  years  from  seed  have  been  analyzed  and  interpreted.  The  tallest  progeny  group  was  about 
25  feet. 

Significant  differences  in  first-year  survival  were  found  among  progenies,  but  most  of 
the  variation  was  attributable  to  causes  other  than  inherent  ability  to  survive.  The  regres- 

sions of  progeny  height  on  seed  weight  at  9  years  and  at  8  years  were  not  significant. 

In  the  1952  study,  highly  significant  differences  in  average  height  were  found  among 
progenies  up  to  5  years  from  seed,  but  at  7  and  9  years,  the  differences  were  not  significant. 
In  the  1953  study,  a  similar  pattern  developed;  however,  the  differences  among  progenies 
were  still  significant  at  the  5-percent  level  at  age  8.  Examination  of  the  interaction  of  prog- 

enies with  replications  showed  a  highly  significant  interaction.  This  was  attributed  in  part  to 
site  variability  caused  by  erosion  and  topsoil  removal.  The  examination  of  d.b.h,  data  gave 
similar  results.  The  progenies  appeared  to  be  more  sensitive  to  site  variation  than  had  been 
anticipated. 

A  measure  of  natural  pruning  was  taken  for  each  progeny  and  highly  significant  differ- 
ences were  found  among  them.  Regressions  of  bark  thickness  on  diameter  inside  bark  were 

computed  for  three  progenies;  the  regression  was  highly  significant  in  one  instance  and  not 
significant  in  the  other  two. 

Crown  characteristics  of  several  parents  and  progeny  groups  were  examined.  Ratios  of 
crown  width  to  total  height  showed  highly  significant  differences  among  progenies  and  ap- 

peared to  give  reliable  estimates  of  crown  characteristics  at  an  early  age.  Branch  length 
was  positively  correlated  with  branch  diameter  and  both  of  these  characteristics  were  nega- 

tively correlated  with  the  angle  of  branching  (from  vertical).  Length  of  2-,  3-,  and  4-year-old 
branches  was  only  weakly  correlated  with  height  growth  of  the  stem  above  the  whorl  examined. 

Southern  fusiform  rust  (Cronartium  fusiforme  (A.  &  K. )  Hedge,  &  Hunt)  infection  was 

heavy  in  the  tests.  Highly  significant  differences^  in  rust  infection  were  found  among  prog- 
enies; percent  of  trees  free  of  rust  varied  from  19  to  88.  Correlations  of  rust  infection  with 

height  and  height  growth  at  2  and  3  years  of  age  were  very  low,  contrary  to  reports  in  the  lit- 
erature.    The  presence  of  stem  cankers  tended  to  reduce  height  of  the  individual  trees. 

Data  were  also  collected  and  analyzed  on  the  occurrence  of  stem  crook  and  forking.  Sig- 
nificant differences  in  the  occurrence  of  crook  were  found  among  progenies.  The  data  on 

forking  showed  significant  differences  among  progenies,   but  were  somewhat  inconsistent. 

Estimates  of  narrow-sense  heritability  were  made  for  height  (0.03  -  0.37),  d.b.h. 
(-0.22  -  0.37),  pruning  height  (0,36  -  0.64),  and  crown  width  (0.16  -  0,19),  The  effect  of  re- 

moving trees  having  stem  cankers  of  rust  was  variable  upon  the  heritability  estimates. 

Open- pollinated  progenies   grown  from   seed  collected  from  the  same  parent  in  different 
!    years  gave  consistent  relative  estimates  of  the  characteristics  examined.  Height  and  diameter 
appeared  to  be  least  reliable,   but  this  was  probably  related  to  the  site  variation  encountered. 

The  analyses  pointed  up  the  need  for  more  care  in  selecting  sites  to  be  used  in  progeny 
testing  to  insure  uniformity,  and  the  need  for  sampling  more  sites.  The  effects  of  heavy  rust 
infection  upon  progeny  test  design  and  subsequent  analyses  are  also  discussed  in  this  report. 
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The  vegetation  of  southern  Florida  is  poorly  described  in  the 

literature,   and  the  taxonomy  and  ecology  of  the  pine-wiregrass  type 
especially  has  been  neglected  by  plant  scientists.     These  deficiencies 
in  plant  knowledge  were  a  serious  obstacle  when  research  commenced 
in  1956  on  problems  of  grazing  cutover  pine  flatwoods  at  the  Caloosa 
Experimental  Range.  1/     Since  then,   plant  collection  and  identification 
has  been  a  high  priority  project.      This   paper  presents  a  checklist  of 

189  vascular  plants  identified  over  the  past  8  years,  with  a  brief  intro- 
duction to  their  habitat,   abundance,   and  forage  value. 

ECOLOGICAL  TYPES 

As  shown  in  figure  1,   the  pine  flatwoods  of  southern  Florida  are 
split  into  an  eastern  region  and  a  western  region  by  the   Sand  Ridge 
Scrub-Istokpoga  Prairie  Basin  on  the  north.    Lake  Okeechobee  and  the 
Everglades  on  the  south.  2/    The  1600-acre  Caloosa  Experimental  Range 
in  southcentral  Charlotte  County  lies  in  the  western  flatwoods   region. 
Three   ecological  types   occur  on  the  Range.     In  order  of  increasing 
flooding  during  the  summer  rainy  season,   these  types  are: 

1.  Slash  pine -saw  palmetto  flatwoods  forest  (75  percent  of  the 
area).      South  Florida  slash  pine  J/  occurs  as  scattered  individuals  or 
strands  of  trees.     Numerous  pine  stumps  indicate  a  well  stocked  stand 

of  trees  existed  prior  to  the  1940's,   when  the  area  was  heavily  cutover. 
Natural  regeneration  has  been  sparse  and  has  occurred  primarily  along 

wet  prairies   or  ponds.      Saw-palmettoes,   mostly  less  than  3  feet  tall, 
are  the  prevailing  vegetation  (fig.  2);  and  pineland  threeawn,  the  common 

"wiregrass,"    is  the  predominant  herb  (fig.  3), 

2.  Wet  prairie  (10  percent  of  the  area).    This  type  is  transition  be- 
tween the  pine -palmetto  and  the  fresh-water  marsh,  and  herbaceous  plants 

predominate  here  (figures  4  and  5).   Pineland  threeawn,  bluejoint  panicum, 
erect  panicum,   beakrushes,   and  razorsedges  are  common  species. 

Ij  Maintained  in  Charlotte  County,  Florida,  by  the  Southeastern  Forest  Experiment  Station,  Forest 
Service,    USDA,    in  cooperation  with  Babcock  Florida  Company  and  Florida  Board  of  Forestry. 

2/  Davis,  John  H.  The  natural  features  of  southern  Florida.  Fla.  State  Geol.  Survey  Bui.  25, 
311  pp.      1943. 

21  Scientific  names  and  authorities  are  presented  in  a  checklist,    pp.  11-24. 



Figure  1 . --Physiographic  regions  and  location  of  the  Caloosa  Experimental  Range 
in  southern  Florida. 
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Figure  2. --Saw- palmetto  is  the  prevailing  vegetation  in  the  cutover  pine-palmetto  type. 

Figure  3.--Pineland  threeawn  (in  head)  is  the  predominant  herb  in  the  pine- palmetto  type. 
The  primary  associate  on  this  site  is  goobergrass. 



Figure  4. --Abrupt  transition  from  pine- palmetto,    left,   to  wet  prairie,    right. 

^:^. 

Figure  5. --Gradual  transition  from  pine-palmetto  (background) to  wet  prairie  (foreground). 



3.     Fresh-water  marsh,   or  pond  (15  percent  of  the  area).     Ponds 
are  dispersed  along  natural  drainageways  throughout  the  pine  -palmetto 
type.      Most  are   circular  depressions  with  a  center  of  pickerelweed 
(Pontederia  lanceolata),    common  arrowhead  (Sagittaria  lancifolia),   and 
some  open  water  (fig.  6). 

Rings  of  vegetation  around  these  centers  are  dominated  by  herbs 
(blue  joint  panicum,  longleaf  threeawn,  striped  beakrush)  or  the  sandbush 
St.  Johnswort.     Colonies  of  maidencane,  a  nutritious  forage  plant,  occur 
in  some  ponds.     Cabbage  palmetto  grows  on  the  drier  borders  of  many 

ponds  or  in  the  edge  of  the  pine -palmetto  type  (fig.  7). 

Figure  6. --Open  water  of  a  fresh-water  marsh  occupied  by  scattered  pickerelweed, 
a  species  of  Xyris  (foreground),    and  floating  heart. 



Figure  7. --Open  water  of  fresh-water  marsh  occupied  by  maidencane  (foreground) 
and  longleaf  threeawn.  Shrubs  in  the  next  drier  zone  are  southern  waxmyrtle  and 
sandbush  St.  Johnswort.  Cabbage  palmettoes  occupy  the  abrupt  transition  from 

marsh  to  pine- palmetto. 

TOPOGRAPHY,   SOILS,   AND  CLIMATE 

Changes  in  sea  level  during  the  Ice  Age  (Pleistocene  Epoch)  caused 
most  of  the  topographic  features  on  the  Caloosa.  The  marine  sands  left 

by  the  Talbot  seas  of  the  Sangamon  interglacial  stage  were  basic  to  for- 
mation of  the  sandy  soils.  Three  main  terraces  are  recognized  in  south 

Florida.  Ranked  by  age,  with  the  most  recent  first,  they  are:  (1)  the 
Pamlico,  from  sea  level  to  25  feet;  (2)  the  Talbot,  from  25  feet  to  42 
feet;  and  (3)  the  Penholoway,  from  42  feet  to  70  feet.  4/  There  is  no 
sharp  escarpment  between  the  Pamlico  and  Talbot  sands.  Elevations  on 
the  Caloosa  vary  from  27  to  30  feet. 

4/  See  footnote  2 . 
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Natural  drainage  is  to  the   south  and   southeast  into  tributaries  of 
the  Caloosahatchee  River.   Streams  have  not  cut  sufficiently  deep  into  the 
Talbot  plain  to  provide  thorough  drainage.      The  ponds  and  wet  prairies, 
underlain  by  calcareous   materials  which  retard  subsurface   drainage, 
persist  as  distinct  topographic  features.      Shallow  canals,   probably  dug 

during  the  early  1940's,    connect  ponds  by  way  of  wet  prairies  and  en- 
hance surface  drainage  somewhat.    However,  water  stands  in  the  deeper 

ponds  year-round,   and  considerable  portions  of  the  pine -palmetto  tj^e 
may  be  flooded  during  the  rainy  season.   Records  of  surface  water  cover 
during  early  October  1956,  near  the   culmination  of  the  rainy  season, 
indicated  the  following  flooding  conditions: 

Surface  water  depth  Area 
(Inches)  (Percent) 

5.1  or  more  15 
1.1  to  5.0  18 
0.1  to  1.0  13 
None  54 

Soils.  --Soils  are  fine  sands,  m    Three  main  groups  include  the  four 
most  extensive  series  (Adamsville,  Leon,  Keri,  and  Charlotte)  and  three 
minor  series  (Pompano,   Immokalee,   and  Felda): 

1.  Imperfectly  drained  acid  soils  with  organic -stained  pan 
(Leon  and  Immokalee  fine  sands), 

2.  Imperfectly  drained  shallow  soils  over  calcareous  materials 
(Adamsville  and  Keri  fine  sands). 

3.  Poorly  drained  shallow  soils  over  calcareous  materials 
(Pompano,   Felda,   and  Charlotte  fine  sands). 

Leon  and  Adamsville  fine  sands  are  the  predominant  series  on  the 
Range;   each  of  these   composes  about  25  percent  of  the  surface  area. 
Soils  commonly  associated  with  the  ecological  types  defined  earlier  are: 

Ecological  type  Soil  series 

pine -palmetto  Leon,  Adamsville,   Keri,   Immokalee 

wet  prairie  Charlotte 

fresh -water  marsh  Pompano  (ponded),   Felda  (margins) 

All  the  fine  sands  have  low  base  exchange  capacity;  and  most,  even 
those  underlain  by  calcareous  materials,  are  acid  near  the  surface.  Soil 
pH  in  the  surface  6  inches  commonly  ranges  between  4.2   and  4.6. 

5/  Soil  surveys,    courtesy  Soil  Conservation  Service,    USDA. 



Climate.  --Mean  monthly  temperatures   vary  from   64.5°  F.    in 
January  to  82.7°  F.    in  August,   with  an  annual  mean  of  73.7°  F.   (U.   S. 
Weather  Bureau,   Fort  Myers,   Fla. ).     On  the  Caloosa,   maximum  tem- 

perature rarely  exceeds  95°  F. ,   and  the  minimum  recorded  in  7  years 
was  23°  F.   in  December  1962. 

Average  annual  precipitation  at  Fort  Myers  is  53.3  inches;  64  per- 
cent of  this  total  falls   in  the  June  to  September  rainy  season.     Monthly 

precipitation  from  November  through  April  averages   only   1.8  inches, 
and  a  pronounced  drought  often  develops   in  the   late  winter   or   spring. 

During  the  period  1957-1963,    annual  precipitation  on  the  Caloosa  aver- 
aged 61  inches.     The  rainy  summer -droughty  winter  pattern  persisted, 

but  extreme  variability  characterized  the   monthly  totals.     During  the 

7-year  period,    total  monthly  precipitation  ranged  from   0.28  to  3.75 
inches  in  December,   and  from  4.42  to  16.09  inches  in  July. 

PLANT  OCCURRENCE  AND  FORAGE  VALUE 

Production,   utilization,   and  composition  of  herbage  were  inven- 
toried at  least  five  times  each  year  on  more  than  400  circular  plots, 

each  9.6  square  feet,   as  a  part  of  a  study  of  range   plant   response  to 
varying  intensities  of  use  by  cattle.     The  estimates  of  plant  occurrence 
and  forage  value  in  the  checklist  are  from  data  taken  on  these  plots. 

Plant  occurrence  categories  are  defined  as  follows: 

Abundant- -species  which  occurred  on  50  percent  or 
more  plots. 

Common- -species   which  occurred  on  5  to  50  percent 
of  the  plots. 

Infrequent --species  which  occurred  on  less  than  5  percent 
of  the  plots. 

Rare --species  which  occurred  at  only  one  or  two  locations 
on  the  Range,    seldom  if  ever  in  herbage  samples. 

Only  10  species   occurred  on   50  percent  or  more  of  the  plots, 
namely,  pineland  threeawn,  bottlebrush  threeawn,  yellowsedge  bluestem, 
goobergrass,   little  panicum,   common  beakrush,   thread  beakrush,    little 

razorsedge,  sundew,  and  saw -palmetto.    Six  of  the  nine  abundant  herba- 

ceous species  are  typical  "wiregrasses." 

Pineland  threeawn,   which  occurred  on   99  percent  of  the  sample 

plots  in  the  pine -palmetto  and  wet  prairie  types,    was  the  most  frequent 
species.     On  a  weight  basis,   pineland  threeawn  contributed  32  to  53  per- 

III 



cent  of  total  herbage  weight  3  months  after  a  fire  in  90 -acre  experimental 
units.      On  one  single -acre  tract,    this  wiregrass   contributed   75  percent 
of  total  herbage  weight,  6/     Sundew  and  little  panicum  are  low  in  stature, 
and  consequently  contributed  little  to  total  herbage  weight.   Saw -palmetto, 
which  occurred  on  slightly  more  than  half  of  the  plots,    was  the   most 
frequent  shrub. 

Forage  value  to  cattle  is  indicated  by  one  of  four  categories: 

Good --species  preferred  or  selected  by  cattle,  constituting 
a  major  proportion  of  cattle  diet. 

Fair--species  consumed  as  a  regular  part  of  the  diet  of 
cattle,  but  not  contributing  a  major  part  because 
of  low  palatability  or  infrequent  occurrence. 

Poor--species  grazed  infrequently  or  during  periods  when 
more  palatable  forage  was  lacking. 

None --species  not  grazed,  poisonous,  or  of  such  size  that 
contribution  to  cattle  diet  was  insignificant. 

Only  12  grasses   are  rated  as  good  forage:    pineland  threeawn, 
chalky  bluestem,    yellowsedge  bluestem,    creeping  bluestem,    fineleaf 
bluestem,   goobergrass,  common  carpetgrass,  Elliott  lovegrass,  coastal 
lovegrass,  delicate  panicum,  maidencane,  and  lopside  indiangrass.   Three 
species --pineland  threeawn,    yellowsedge  bluestem,    and  goobergrass -- 
are  abundant  and  good  forage. 

Palatability  and  relative  abundance  of  species  are  influenced  by 
length  of  time  since  the  range  was  burned.      For  example,   pineland 
threeawn  is  eagerly  sought  by  cattle  for  two  or  three  months  after  the 
range  is  burned;  thereafter,   palatability  declines.     When  the  period  of 
protection  from  fire  extends  to  two  or  more  years,   pineland  threeawn 
is  not  grazed,   or  grazed  only  lightly  during  periods  of  limited  forage. 

The  189  species  listed  in  the  checklist  are  grouped  as  follows: 

grasses  (Gramineae)  49  species 

grasslikes  (Cyperaceae  and  Juncaceae)  21  species 

forbs  97  species 

shrubs  20  species 

trees  2  species 

189 

&I  Hilmon,   J.  B.,    and  Lewis,    C.  E.     Effect  of  burning  on  south  Florida  range.     U.  S.  Forest  Serv. 
Southeast.   Forest  Expt.   Sta.   Paper  146,    12  pp.     1962. 
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The  six  genera  with  most  species  are:     Panicum  (13  species), 
Andropogon  (7  species),    Rhynchospora  and  Polygala  (6  species  each), 
Aristida  and  Eragrostis  (5  species  each). 

Plants   known  to  occur  on  the  Range,   but  which  have   not  been 
collected  include: 

1.  Aletris  lute  a 

2.  Ctenium  aromaticum 

3.  Diodia  hirsuta 

4.  Heliotropium  sp. 

5.  Mariscus  jamaicensis 

6.  Paspalum  longepedunculatum 

7.  Pontederia  lanceolata 

8.  Sagittaria  graminea 

9.  Sagittaria  lancifolia 

10.  Syngonanthus  flavidulus 

I 

I 

I 

II 
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CHECKLIST 

PLANTS  OF  THE 

CALOOSA  EXPERIMENTAL  RANGE 

GRASSES 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Amphicarpum  muhlenbergianum 
(Schult.)  Hitchc. 

Perennial  goobergrass 
Blue  maidencane 

Andropogon  cabanisii  Hack. 
Cabanis  bluestem 

Andropogon  capillipes  Nash 
Chalky  bluestem 

Andropogon  elliottii  Chapm. 
Elliott  bluestem 

Andropogon  longiberbis  Hack. 
Hairy  bluestem 

Andropogon  stolonifer  (Nash)  Hitchc. 
Creeping  bluestem 

Andropogon  subtenuis  Nash 
Fineleaf  bluestem 

Andropogon  virginicus  L. 
Yellowsedge  bluestem 
Broomsedge  bluestem 

Aristida  affinis  (Schult. )  Kunth 
Longleaf  threeawn 

Aristida  patula  Chapm.   ex  Nash 
Tall  threeawn 

Aristida  purpurascens  Poir. 
Arrowfeather  threeawn 

Aristida  spiciformis  Ell. 
Bottlebrush  threeawn 

Aristida  stricta  Michx. 
Pineland  threeawn 

Axonopus  affinis  Chase 
Common  carpetgrass 

Axonopus  furcatus  (Flugge)  Hitchc. 
Big  carpetgrass 

Chrysopogon  pauciflorus  (Chapm.  ) 
Benth.   ex  Vasey 

Florida  rhaphis 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Abundant 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Good 

Infrequent  Fair 

Common  Good 

Infrequent  Fair 

Infrequent  Fair 

Common  Good 

Common  Good 

Abundant  Good 

Fresh-water  marsh         Common  Poor 

Infrequent  Poor 

Common  Poor 

Abundant  Poor 

Abundant  Good 

Common  Good 

Common  Fair 

Infrequent  Poor 
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GRASSES 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Digitaria  serotina  (Walt. )  Michx. 
Blanket  crabgrass 

Digitaria  villosa  (Walt. )  Pers. 
Shaggy  fingergrass 

Elyonurus  tripsacoides  Humb.   and 
Bonpl.   ex  Willd. 

PanAmerican  balsamscale 

Eragrostis  acuta  Hitchc. 
Florida  love  grass 

Eragrostis  chariis  (Schult.)  Hitchc. 
Thalia  love  grass 

Eragrostis  elliottii  S.   Wats. 
Elliott  lovegrass 

Eragrostis  refracta  (Muhl. )  Scribn. 
Coastal  lovegrass 

Eragrostis  stenophylla  Hochst. 
Slimflower  lovegrass 

Gymnopogon  brevifolius  Trin. 
Slim  skeletongrass 

Leptochloa  fascicularis  (Lam.  )  A.  Gray 
Bearded  sprangletop 

Manisuris  rugosa  (Nutt.  )  Kuntze 
Wrinkled  jointtail 

Muhlenbergia  capillaris  (Lam. )  Trin. 
Hairawn  muhly 

Panicum  albomarginatum  Nash 
Whiteedge  panicum 

Panicum  arenicoloides  Ashe. 

Sand  panicum 

Panicum  chamaelonche  Trin. 

Delicate  panicum 

Panicum  condensum  Nash 

Panicum  erectifolium  Nash 

Erect  panicum 

Fresh-water  marsh 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Fresh-water  marsh 

Pine -palmetto 

Pine  -  palmetto 

Pine  -  palmetto 
Fresh-water  marsh 

Pine  -  palmetto 

Fresh-water  marsh 

Rare 

Rare 

Rare 

Infrequent 

Rare 

Common 

Common 

Infrequent 

Infrequent 

Rare 

Fair 

Fair 

Fair 

Poor 

Poor 

Good 

Good 

Poor 

Poor 

Fair 

Wet  prairie Infrequent Poor 

Pine -palmetto Common Poor 

Wet  prairie 

Pine -palmetto Common Fair 

Pine -palmetto Common Fair 

Pine -palmetto Common Good 

Pine -palmetto Infrequent Fair 

Wet  prairie Common Fair 



Bottlebrush  threeawn 



IS 
GRASSES 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Panicum  hemitomon  Schult. 
Maidencane 

Panicum  hians  Ell. 

Gaping  panicum 

Panicum  lancearium  Trin. 

Lance  panicum 

Panicum  longiligulatum  Nash 

Panicum  neuranthum  Griseb. 

Panicum  pinetorum  Swallen 
Pine  panicum 

Panicum  polycaulon  Nash 
Little  panicum 

Panicum  tenerum  Beyr. 
Bluejoint  panicum 

Paspalum  distichum  L. 
Knotgrass 

Paspalum  giganteum  Baldw.   ex  Vasey 
Giant  paspalum 

Paspalum  lentiferum  Lam. 

Cypress  paspalum 

Paspalum  mono  st achyum  Vasey 
Gulf  dune  paspalum 

Sacciolepis  striata  (L. )  Nash 
American  cupscale 

Setaria  geniculata  (Lam. )  Beauv. 
Knotroot  bristlegrass 

Sorghastrum  secundum  (Ell. )  Nash 
Lopside  indiangrass 

Sporobolus  junceus  (Michx.  )  Kunth 

Pineywoods  dropseed 
Blue  dropseed 

Fresh-water  marsh         Common 

Fresh-water  marsh         Infrequent 

Pine -palmetto 

Pine  -  palmetto 

Pine -palmetto 

Pine  -  palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Infrequent 

Infrequent 

Infrequent 

Rare 

Infrequent 

Common 

Infrequent 

Good 

Pine -palmetto Infrequent Fair 

Pine -palmetto Common Fair 

Pine -palmetto Infrequent Fair 

Pine -palmetto Infrequent Fair 

Pine -palmetto Infrequent 
Poor 

Pine -palmetto Abundant 
Fair 

Pine -palmetto Common Fair 

Wet  prairie 
Fresh-water  marsh 

Poor 

Fair 

Fair 

Poor 

Poor 

Poor 

Good 

Fair 



GRASSLIKES 

Botcuaical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Cyperus  polystachyos  Rottb .   var . 
texensis  (Torr. )  Fern. 

Flatsedge 

Dichromena  colorata  (L. )  Hitchc. 

Starrush  whitetop- sedge 

Eleocharis  microcarpa  Torr. 
Annual  spike sedge 

Fimbristylis  drummondii  Boeckl. 
Drummond  fringe  sedge 

Fimbristylis  puberula  (Michx. )  Vahl 
Pond  fringe  sedge 

Fuirena  scirpoidea  Michx. 
Common  umbrellagrass 

Fuirena  squarrosa  Michx. 

Salt-marsh  umbrellagrass 

Juncus  marginatus  Rostk. 
Marginal  rush 

Juncus  megacephalus  M.  A.  Curtis 
Largeheaded  rush 

Kyllinga  brevifolia  L. 
Shortleafed  sedge 

Psilocarya  nitens  (Vahl)  Wood 
Shiny  baldrush 

Rhynchospora  fascicularis  (Michx. )  Vahl 
Common  beakrush 

Rhynchospora  filifolia  A.  Gray 
Thread  beakrush 

Rhynchospora  globularis  Chapm.   var. 
recognita  Gale 

Gale'  s  beakrush 

Rhynchospora  inundata  (Oakes)  Fern. 
Pond  beakrush 

Rhynchospora  oligantha  A.   Gray 
Few-flowered  beakrush 

Rhynchospora  tracyi  Britt. 
Striped  beakrush 

Scleria  ciliata  Michx. 

Fringed  razorsedge 

Scleria  georgiana  Core 
Little  razorsedge 

Scleria  muhlenbergii  Steud. 
Annual  razorsedge 

Scleria  verticillata  Muhl. 

Whorled  razorsedge 

Pine -palmetto 

Wet  prairie 
Fresh-water  marsh 

Pine -palmetto 

Pine -palmetto 

Fresh-water  marsh 

Pine -palmetto 
Wet  prairie 
Fresh-water  marsh 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Fresh-water  marsh 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Fresh-water  marsh 

Pine -palmetto 

Wet  prairie 
Fresh-water  marsh 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Infrequent None 

Common Fair 

Infrequent None 

Common 
Poor 

Infrequent Poor 

Common Fair 

Infrequent Poor 

Infrequent 
Poor 

Infrequent 
Poor 

Infrequent Poor 

Common Poor 

Abundant Poor 

Abundant Poor 

Infrequent Poor 

Infrequent 

Common 

Common 

Infrequent 

Abundant 

Common 

Infrequent 

Poor 

Poor 

Fair 

Poor 

Poor 

Fair 

Fair 
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FORBS 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Asclepias  connivens  Baldwin  ex.  Ell. 
Milkweed 

Aster  concolor  L. 

Uniform-leaf  aster 

Aster  dumosus  L. 

Bushy  aster 

Bacopa  caroliniana  (Walt.)  Robins. 
Carolina  waterhyssop 

Bacopa  monnieri  (L.  )  Pennell 
Coastal  waterhyssop 

Bartonia  verna  (Michx.  )  Muhl. 
Bartonia 

Bigelovia  nudata  (Michx.)  D.  C. 
Yellowhead 

Buchnera  floridana  Gandoger 
Florida  blue -heart 

Calopogon  barbatus  (Walt. )  Ames 
Grasspink  orchid 

Carphephorus  bellidifolius 
(Michx.)  T.  &  G. 

Common  blazingstar 

Carphephorus  corymbosus  (Nutt .  ) 
T.  &  G. 

Wooly  blazingstar 

Cassia  aspera  Muhl. 
Senna 

Partridgepea 

Chaptalia  tomentosa  Vent. 
Sunbonnet 

Chrysopsis  nervosa  (Willd.  )  Fern. 
Goldaster 

Silkgrass 

Clematis  baldwinii  T .  &  G. 
Baldwin  clematis 

Cnidoscolus  stimulosus  (Michx. ) 
Engelm.  &  Gray 

Risky  tread  softly 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Infrequent 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine-pali^ietto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine  -  palmetto 

Pine -palmetto 

Pine -palmetto 

Infrequent 

Common 

Common 

Infrequent 

Infrequent 

Poor 

Infrequent  Poor 

Infrequent  Fair 

Fresh-water  marsh         Common  Poor 

Infrequent  Poor 

Infrequent  Poor 

Common  Fair 

Common  Poor 

Infrequent  Poor 

Common  Poor 

Infrequent  Poor 

Poor 

Poor 

Poor 

Poor 

Poor 



FORBS 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Commelina  angustifolia  Michx. 
Narrowleaf  dayflower 

Coreopsis  leavenworthii  T.  &  G. 
Coreopsis 
Tickweed 

Crotalaria  maritima  Chapm. 
Coastplain  crotalaria 

Cynoctonum  sessilifolium  (Walt.  ) 
J.   F,   Gmel 

Miterwort 

Diodia  virginiana  L. 
Virginia  buttonweed 

Drosera  capillaris  Poir. 
Pink  sundew 

Dyschoriste  oblongifolia  (Michx.  ) 
Kuntze 

Blue  twinflower 

Elephantopus  tomentosus  L. 
Devil's- Grandmother 
Elephantfoot 

Erigeron  vernus  (L.  )  T.  &  G. 
Early  whitetop  fleabane 

Eriocaulon  lineare  Small 

Pipewort 

Eupatorium  recurvans  Small 
Curving  eupatorium 

Euphorbia  inundata  Torr. 
Longleaf  spurge 

Euphorbia  polyphylla  Engelm. 
Pine  spurge 

Gerardia  filifolia  Nutt . 
Gerardia 

Gnaphalium  falcatum  Lem. 
Cudweed 

Gratiola  ramosa  Walt. 
Hedgehyssop 

Pine -palmetto 

Pine  -  palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Wet  prairie 

Pine  -  palmetto 

Pine -palmetto 

Pine-palmetto 

Pine -palmetto 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  Poor 

Rare 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine  -  palmetto 

Pine  -  palmetto 

Common 

Fresh-water  marsh         Common 

Poor 

Abundant  None 

Infrequent  Poor 

Common  Fair 

Common  Poor 

Fresh-water  marsh         Common  Poor 

Common  Poor 

Infrequent  Poor 

Poor 

Infrequent  Poor 

Infrequent  Poor 

Poor 
4 

4 
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FORBS 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Habenaria  quinqueseta  (Michx.  ) 
A.   Eaton 

Spider  orchid 

Heleniuin  vernale  Walt. 
Sneezeweed 

Hemianthus  glomeratus  (Chapm.  ) 
Pennell 

Figwort 

Hymenocallis  palmeri  S.  Wats. 
Alligator  hymenocallis 
Spiderlily 

Hypoxis  juncea  J.  E.  Smith 
Goldstargrass 

Hyptis  alata  (Raf.  )  Shinners 
var.    stenophylla  Shinners 

Bushmint 

Lachnocaulon  digynum  Koern. 
Hatpin 

Lachnocaulon  floridanum  Small 

Florida  hairy  pipewort 
Hatpin 

Lechea  torreyi  Leggett  var, 
congesta  Hodgdon 

Pinweed 

Liatris  garberi  A.   Gray 
Gayfeather 

Lindernia  crustascea  (L.) 
F.  von  Mueller 

Crusted  falsepimpernel 

Lindernia  grandiflora  Nutt. 
Creeping  falsepimpernel 

Linum  floridanum  (Planch.  )  Trel. 
Florida  flax 

Lobelia  glandulosa  Walt. 
Glandular  lobelia 

Lobelia  paludosa  Nutt . 
Marsh  lobelia 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Pine-palmetto 

Pine -palmetto 

Pine-palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Rare 

Infrequent 

Infrequent 

Common 

Common 

Rare 

Fresh-water  marsh         Rare 

None 

Poor 

Poor 

Infrequent  Fair 

Poor 

Infrequent  Poor 

Infrequent  Poor 

Poor 

Infrequent  None 

Common  Fair 

Poor 

Poor 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  Fair 
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FORBS 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Ludwigia  curtissii  Chapm. 
Curtis  seedbox 

Ludwigia  suffruticosa  Lam. 
Pond  seedbox 

Lygodesmia  aphylla  (Nutt.  )  D.  C. 
Skeletonplant 

Nymphoides  aquatica  (Walt. )  Ktze. 
Floatingheart 

Oxypolis  filiformis  (Walt.)  Britt. 
Leafless  cowbane 

Petalostemon  carneum  Michx. 
Prairieclover 

Physostegia  denticulata  (Ait, )  Britt. 
Lionsheart 

Pinguicula  caerulea  Walt. 
Violet  butterwort 

Pinguicula  lutea  Walt. 
Yellow  butterwort 

Pinguicula  pumila  Michx. 
Smallflower  butterwort 

Piriqueta  glabrescens  Small 
Piriqueta 

Pluchea  foetida  (L.)  D.  C. 
Stinking  ileabane 

Podostigma  pedicellata  (Walt.  )  Vail. 
Greenbells 

Polygala  baldwinii  Nutt . 

Baldwin'  s  polygala 
White  bachelor's  button 

Polygala  grandiflora  Walt. 
Purple  candyweed 

Polygala  incarnata  L. 
Procession  flower 

Polygala  lutea  L. 
Orange  candyweed 

Pine -palmetto  Infrequent  Poor 
Fresh-water  marsh 

Fresh-water  marsh         Rare 

Pine -palmetto 

Fresh-water  marsh         Common 

Pine  -  palmetto 

Pine-palmetto 

Pine -palmetto 

Pine -palmetto 

Pine-palmetto 

Pine  -  palmetto 

Pine -palmetto 
Wet  prairie 
Fresh-water  marsh 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Rare 

Common 

Poor 

Infrequent  Poor 

Poor 

Fresh-water  marsh         Infrequent  None 

Poor 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  None 

Infrequent  Poor 

None 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  Poor 

Infrequent  Poor 
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Botanical  and  common  name 

FORBS 

Plant 
community Occurrence 

Forage 

value 

Polygala  ramosa  Ell, 
Yellow  candyweed 

Polygala  setacea  Michx. 
Pale  candyweed 

Polypremum  procumbens  L. 
Rustweed 

Prose rpinaca  pectinata  Lam. 
Combleaf  mermaidweed 

Pterocaulon  undulatum(Walt.  )C.  Mohr. 
Blackroot 

Rhexia  cubensis  Griseb. 

Florida  meadowbeauty 

Rhexia  nuttallii  James 

Nuttall's  meadowbeauty 

Rotala  ramosier  (L.  )  Koehne 
Rotala 

Rudbeckia  hirta  L. 

Blackeyedsusan 

Ruellia  heteromorpha  Fern. 
Variable  ruellia 

Ruellia  humilis  Nutt . 
Low  ruellia 

Sabatia  brevifolia  Raf . 
White  rosegentian 

Sabatia  grandiflora(A.  Gray)  Small 
Grand  rosegentian 

Samolus  ebracteata  HBK. 

Water  pimpernel 

Schoenolirion  albiflorum  (Raf .  )  Gates 
White  sunnybell 

Scutellaria  avenicola  Small 
Skullcap 

Sisyrinchium  graminoides  Bickn. 

Blue-eyedgrass 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Wet  prairie 

Pine -palmetto 

Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Pine  -  palmetto 

Pine -palmetto 

Wet  prairie 

Wet  prairie 

Pine-palmetto 

Pine -palmetto 

Infrequent 

Infrequent 

Infrequent 

Fresh-water  marsh         Common 

Common 

Rare 

Infrequent 

Infrequent 

Infrequent 

Common 

Common 

Infrequent 

Fresh-water  marsh         Infrequent 

Infrequent 

Poor 

Poor 

Poor 

Poor 

None 

Infrequent  Poor 

Infrequent  Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Infrequent  Poor 
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FORBS 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Solidago  chapmanii  T.  &  G. 
Chapman  goldenrod 

Sophronanthe  hispida  Benth. 
Upland  hyssop 

Spiranthes  longilabris  Lindl. 
Ladie  stresses 

Stenandrium  floridanum  (A.  Gray)  Small 
Stenandrium 

Tephrosia  spicata  (Walt . )  T .  &  G. 
Brownhair  tephrosia 

Hoary-pea 

Trade scantia  rosea  Vent,   var. 

graminea  (Small)  Anders.  &  Woodson 
Spiderwort 

Trilisa  carnosa  (Small)  Robins. 
Trilisa 

Utricularia  cornuta  Michx. 
Horned  bladderwort 

Utricularia  resupinata  B.  D.  Greene 
Turned  bladderwort 

Vernonia  texana  (A.  Gray)  Small 
Texas  ironweed 

Viola  lanceolata  L.   ssp.   vittata 
(Green)  Russell 

Lanceleaf  violet 

Viola  septemloba  LeConte 
Sevenlobe  violet 

Xyris  brevifolia  Michx. 
Annual  yelloweyedgrass 

Xyris  elliottii  Chapm. 
Common  yelloweyedgrass 

Xyris  flexuosa  var.  pallescens  Poir. 
Twisted  yelloweyedgrass 

Zephyranthes  treatiae  S.  Wats. 
Treats  zephyrlily 

Pine -palmetto 

Pine-palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine  -  palmetto 

Pine -palmetto 

Infrequent  Poor 

Common 

Infrequent 

Infrequent 

Infrequent 

Fresh-water  marsh         Common 

Fresh-water  marsh         Common 

Infrequent 

Infrequent 

Infrequent 

Infrequent 

Common 

Infrequent 

Infrequent 

None 

Poor 

Poor 

Poor 

Infrequent  Poor 

Infrequent  Poor 

None 

None 

Poor 

Poor 

Poor 

None 

Poor 

Fair 

None 
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SHRUBS 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Ascyrum  tetrapetalum  (Lam.  )  Vail. 
St.  Andrewscross 

Asimina  reticulata  Shuttlw.   ex  Chapm. 
Seminoletea  pawpaw 

Befaria  racemosa  Vent . 
Tarflower  befaria 

Cephalanthus  occidentalis  L. 
Common  buttonbush 

Chrysobalanus  oblongifolius  Michx. 
Gopherapple 

Hypericum  brachyphyllum  (Spach)  Steud. 
Pineland  St.  Johnswort 

Hypericum  fasciculatum  Lam. 
Sandbush  St.  Johnswort 

Hypericum  myrtifolium  Lam. 
Polebark  St.  Johnswort 

Hypericum  opacum  T.  &  G. 

Single -stem  St.  Johnswort 

Ilex  glabra  (L.  )  A.  Gray 
Inkberry 
Gallberry 

Lyonia  fruticosa  (Michx. )  G.  S.  Torr, 

Lyonia 
Fetterbush 

Myrica  cerifera  L. 
Southern  waxmyrtle 

Myrica  pusilla  Raf. 
Dwarf  waxmyrtle 

Pycnothymus  rigidus  (Bartr. )  Small 
Pennyroyal 

Quercus  minima  (Sarg.  )  Small 
Runner  oak 
Dwarf  live  oak 

Quercus  myrtifolia  Willd. 
Myrtle  oak 

Serenoa  repens  (Bartr.  )  Small 

Saw -palmetto 

Stillingia  aquatica  Chapm. 
Corkwood  stillingia 

Stillingia  sylvatica  L. 
Queensdelight  stillingia 

Vaccinium  myrsinites  Lam. 
Ground  blueberry 
Huckleberry 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 

Fresh-water  marsh 

Pine -palmetto 

Pine -palmetto 

Fresh-water  marsh 

Fresh-water  marsh 

Pine-palmetto 

Pine -palmetto 

Pine -palmetto 

Pine -palmetto 
Wet  prairie 

Pine -palmetto 

Pine -palmetto 

Pine-palmetto 

Pine  -palmetto 

Pine -palmetto 

Fresh-water  marsh 

Pine-palmetto 

Pine -palmetto 

Common None 

Common Poor 

Common Poor 

Rare None 

Common None 

Common None 

Common None 

Infrequent None 

Infrequent None 

Infrequent None 

Common 

Infrequent 

Common 

Common 

Common 

None 

Poor 

None 

Fair 

None 

Rare None 

Abundant Poor 

Common None 

Infrequent None 

Common None 
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TREES 

Botanical  and  common  name 
Plant 

community Occurrence 

Forage 

value 

Pinus  elliottii  Engelm.   var.  densa Pine-palmetto Common 
None 

Little  &  Dorman 
South  Florida  slash  pine 

Sabal  palmetto  (Walt. )  Lodd. Pine -palmetto Infrequent None 
Cabbage  palmetto 

Pineland  threeawn 
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The  National  Fire  Danger  Rating  System:. 
Derivation  of  Spread  Index  for  Eastern  and  Southern  States 

by 

RALPH  
M.  NELSON 

Introduction 

The  purpose  of  this  paper  is  to  present  information  that  will  be  helpful  to 
state  and  private  fire  control  agencies  in  the  East  and  South  in  installing  and 
operating  fire   danger  stations  according  to  the  National  Fire  Danger  Rating 
System.    This  National  System  was  adopted  by  the  U.  S.  Forest  Service  in  1964 
for  use  in  all  Regions  where  it  has  been  determined  it  will  serve  satisfactorily. 
Accordingly,   the  Northeastern  and  the  Southern  Regions   will  place  the  new 
system  in  operation  when  arrangements  can  be  made  for  danger  station  sites, 
instriunentation,   and  training  of  observers.     This  paper  has   been  prepared  on 
the  assumption  that  most  states  in  the  two  Regions  will  also  want  to  convert  to 
the  National  System. 

Most  of  the  material  in  following  sections  on  station  location  and  instru- 

mentation,  operation,   and  maintenance  has  been  taken  from  the  "National  Fire- 

Danger  Rating  System,"  U.  S.  Forest  Service  Category  2  Handbook,  5123.3  (7^). 
However,  the  material  has  been  condensed  or  expanded  as  seems  most  applica- 

ble to  Eastern  and  Southern  States. 

Why  A  National  System 

Eight  systems  of  measuring  fire  danger  were  used  in  the  United  States  in 
1963.     Although  all  were  based  on  estimated  fuel  moisture  and  wind  speed,   no 
two  systems  agreed  on  measurement  of  these   elements   or  the  weights  given 
them.    Therefore,  protection  areas  with  identical  burning  conditions  had  widely 
differing  index  numbers,   depending  upon  the  system  used.     These   differences 

have   caused  difficulty  within  the  Forest  Service   and  been  even  more  trouble- 
some to  cooperating  agencies.     Also,   it  has   been  difficult  to  introduce  new 

knowledge  into  existing  systems.    For  these  reasons,  a  decision  was  reached  to 
develop  a  national  rating  system  based  on  measurements  of  the  same  elements 

combined  in  the  same  way  to  derive  an  index.    The  effect  of  weather  as  an  indi- 
cator of  the  severity  of  burning  conditions  could  thus  be  more  uniformly  inter- 

preted,  which  in  turn  would  provide  a  sounder  base  for  coordinating  and  eval- 
uating fire  control  management  at  regional  and  national  levels. 



A  basic  consideration  in  the  acceptance  of  the  National  System  is  that  it 
must  be  at  least  as   good  an  indicator  of  the  severity  of  burning  conditions 
in  the  several  Regions  as  the  systems  being  displaced.     Reasons  why  the  new 

Spread  Index  is  believed  to  be  better  than  the  8  and  8-100  Burning  Indexes  used 
in  Regions  7  and  8,    respectively,   are  discussed  in  the  following  section. 

Why  The  Spread  Index  Is  Believed  Better  Than 
The  Burning  Index 

The  Spread  Index  is  a  measure  of  the  effect  of  weather  on  the  relative 
rate  of  forward  movement  of  surface  fires.     Actual  rates  of  spread  are,   of 
course,   influenced  by  factors  in  addition  to  weather,  such  as  kinds  of  fuels  and 

topography.     The  Spread  Index  is  also  related  to  the  probability  of  fire  occur- 
rence,  although  more  weight  has  been  given  to  wind  and  less  to  bmldup  in  the 

makeup  of  the  Spread  Index  than  in  the  Burning  Index.    They  can  be  thought  of 
as  similar,   however,   in  the  sense  that  both  are  a  measure  of  the  severity  of 
burning  conditions. 

A  point  is  emphasized:    No  index  can  pinpoint  what  will  happen  on  any 
given  fire  day.    It  can  only  indicate  the  fire  potential;  that  is,   what  may  happen 
in  relation  to  past  fire  business  on  similar  days. 

The  present  Burning  Index  meter  and  earlier  models  have  been  reliable 
indicators  of  the  severity  of  burning  conditions  in  the  East  and  South  since  1939. 

A  great  many  analyses  for  many  areas  have  indicated  that  as  the  Index  increas- 
ed so  did  the  number  of  fires  and  acres   burned  on  an  average  day.     Therefore, 

in  the  evaluation  of  the  Spread  Index,   comparisons  between  it  and  the  Burning 

Index  were  made  to  learn  which  of  the  two  was  superior  in  indicating  the  proba- 
bility of  fire  occurrence  and  size  of  fires.     Particular  attention  was  paid  to  the 

amount  of  fire  business  on  low  index  days,   because  some  experienced  fire  con- 
trol men  have  said  that  at  times,   in  high  risk  areas,   there  were  too  many  fires 

on  such  days,    as  measured  by  the  Burning  Index. 

For  example,  in  table  1,   percent  of  days  and  fires  are  cumulated  and 

grouped  by  5-unit  increments  for  both  Burning  and  Spread  Indexes.     The 
analysis  period  was  January,   February,   March,   and  April- -usually  the  most 
severe  fire  months--for  1958-1960,  for  a  Southeastern  state  protection  district. 
Totals  were  347  days  and  1,212  fires.     According  to  the  table,    53  percent  of 
the  days,    18  percent  of  all  fires,   and  14  percent  of  the  C,  D,  and  E  fires  were 

in  the  0-5  Burning  Index  range.     The  same  percent  of  days  and  very  nearly  the 
same  percent  of  all  fired  and  C,  D,  and  E  fires  were  distributed  in  the  Spread 

Index  range  0  to  15.     Obviously,   there  was  much  less  fire  business  on  the  low- 
er part  of  the  index  scale  when  danger  rating  was  calculated  according  to  the 

Spread  Index.    On  the  higher  part  of  the  scale,   values  of  the  two  Indexes  tended 

to  be  more  nearly  equal.     A  point  of  similarity  was  that  the  highest  danger  rat- 
ing reached  during  the  analysis  by  either  Index  was  50. 



Comparisons  such  as  described  were  made  for  several  areas  in  the 
Northeast.    Although  differences  between  the  Indexes  were  less  pronounced 
than  for  the  Southeast  district,  trends  were  similar  (see  table  2). 

Table  1 . --Comparison  of  cumulated  days,  fires,  and 
C,  D,  and  E  fires  by  Burning  Index  and  Spread  Index 
ranges  for  a  Southeastern   protection  district 

Index 

Range 

0-  5 
0-10 
0-15 
0-20 
0-25 
0-30 
0-35 
0-40 
0-45 
0-50 

Burning  Index 

Days 
All 

Fires 
C,  D,  E 
Fires 

Spread  Index 

Days All 

Fires 

53 
73 

93 
96 
98 
99 
99 

100 

Percent 

18 
38 

52 
68 
78 

87 
93 
97 99 

100 

14 34 
49 

64 
73 

83 
90 
94 98 

100 

24 
35 

53 76 

90 

96 98 
99 
99 

100 

1 
6 

21 51 

71 
91 

93 
98 
99 

100 

C,  D,  E 
Fires 

2 
3 

15 
44 
67 

90 
95 98 
99 

100 

Table  2.  --Comparison  of  cumulated  days  and 
fires   by  Burning   Index   and  Spread   Index 
ranges  for  a  Northeastern  protection  unit 

Index Burning  Index 
Spread  Index 

Range 
Days 

Fires 

Days 
Fires 

0-  5 
0-10 

0-15 
0-20 

0-25 
0-30 
0-35 
0-40 

0-45 
0-50 

Percent 

29 
40 

52 
69 
76 

84 
88 
91 
94 

100 

5 
10 
18 
33 
49 

62 
77 

80 
84 

100 

17 
32 
46 

64 
70 
78 

95 
100 

1 
3 

13 

31 
58 

81 

94 

100 

^The  Burning  Index  range  of  0-200  used  in 
the  Northeast  has  been  converted  to  a  100-point 
range . 

As  stated  earlier,   the  Spread  Index  was  developed  as  a  measure  of  the 
relative  rate  of  forward  movement  of  surface  fires.    Unfortunately,  enough  in- 

formation on  rate  of  spread  of  fires  in  the  East  and  South  was  not  available  so 
that  a  comparison  of  Indexes  with  spread  could  be  made.     For  this  reason  the 
number  of  C,  D,  and  E  fires  by  Index  ranges  was  used  on  the  premise  that  ordi- 

narily there  should  be  few  such  fires  on  low  Index  days.    Referring  to  table  1, 
49  percent  of  the  fires  larger  than  10  acres  during  the  347-day  period  occurred 
on  days  when  the  Burning  Index  was  15  or  less,   but  only   15   percent  when  the 
Spread  Index  was  15  or  less.     Therefore,   if  one  can  assume  that  C,  D,  and  E 
fires  are  a  partial  measure  of  relative  rate  of  forward  movement,   then  for  the 
time  and  period  analyzed,   the  Spread  Index  is  the  better  indicator  of  spread. 

A  third  type  of  analysis  was   made  to  learn  which  of  the  two  Indexes 

seemed  best  in  general  to  reflect  the  severity  of  burning  conditions  in  the  South- 
eastern area  mentioned  earlier.     This  was  done  by  comparing  the  two  Indexes 

by  classes  against  no  fires,   number  of  fires,   and  C,  D,  and  E  fires  on  each  of 
the  347  days.     For  example,   if  10  fires  occurred  on  a  certain  day,   whichever 

of  the  Indexes  had  the  highest  class  was  considered  superior  on  that  day.    Con- 
versely,  if  no  fires  occurred  on  a  certain  day,   and  one  Index  was  substantially 

lower  than  the  other,   the  one  with  the  lowest  value  was  taken  as  best.     Minor 
differences  were  ignored.     For  some  months,    depending  on  the  weather,   the 

two  classes  appeared  to  be  about  equal.     For  other  months,   when  burning  con- 
ditions were  clearly  severe,   the  Spread  Index  was  decidedly  better. 

Based  on  the  analyses  discussed  and  others  not  mentioned,   I  conclude 
that  the  Spread  Index  is  superior  to  the  present  Burning  Index  as  an  indicator 
of  both  probability  of  fire  occurrence  and  rate  of  spread. 



Similarities  And  Differences  Between  The  Spread 
And  Burning  Indexes 

Both  Indexes  are  based  on  the  same  variables:  fuel  moisture,  wind  speed, 
precipitation,  and  condition  of  lesser  vegetation.     However,   these  variables 
are  not  given  the   same  weight  in  arriving  at  Index  values.     For  this   reason  a 
Spread  Index  of  15  does  not  mean  the  same  as  a  Burning  Index  of  15. 

A  major  difference  is  the  substitution  of  wet-  and  dry-bulb  measurements 
for  basswood   slat  weights  in  estimating  fuel  moisture.     This  does   away  with 
scales,    screens,   and  weighing  shelters,   which  alone,   in  the  opinion  of  many, 
is  enough  to  tip  the  scale  in  favor  of  the  Spread  Index. 

Another  difference  is  that  only  three  conditions  of  lesser  vegetation, 

called  "Herbaceous  Stages,  "  are  used  in  the  Spread  Index,  whereas  five  must 
be  recognized  in  the  Burning  Index  system. 

Two  other  weather  elements,  precipitation  and  wind  speed,  are  measured 
much  as  before. 

The  National  System  Buildup  Index  is  on  an  open- end  scale.    That  is,  it  does 
not  stop  at  100  but  continues  to  cumulate  until  rain  occurs.     In  the  8  and  8-100 

systems,   it  is  on  a  100-point  scale.     The  Spread  Index  is  on  a  100-point  scale. 

Under  the  National  System,  all  fire  danger  stations  must  be  located  in 
the  open,   which  presents  a  problem  of  some   difficulty  in  states  relying  on  a 

number  of  woods-type  stations.     Well  located  open  stations  now  in  use  can  be 
converted  with  relative  ease. 

A  set  of  tables  is  used  in  deriving  the  Spread  Index.     Burning  Index  is 

calculated  by  means  of  the  well-known  circular  slide-rule  type  meter. 

Fire  Danger  Classes  Based  On  The  Spread  Index 

Many  fire  control  agencies  in  the  East  and  South  operate  on  the  basis  of 
5  danger  classes  instead  of  Burning  Index  numbers.     Adjective  ratings  in  place 
of  class  numbers   are  used  by  many  to  indicate  the  degree  of  fire  danger. 

Adjective  ratings  recently  adopted  by  the  U.  S.  Forest  Service  are  low,   mod- 
erate, high,   very  high,   and  extreme. 

From  experience,   agencies  have  come  to  reply  on  class  numbers  or  ad- 
jective ratings  as  highly  useful  guides  in  a  variety  of  fire  control  activities. 

Consequently,   in  converting  from  the  Burning  Index  to  the  Spread  Index,    a 

difficulty  is  in  knowing  the  ranges  of  units  on  the  100-point  Spread  Index  scale 

^The  Burning  Index  meter  used  in  the  Northeast  has  a  200-point  scale,   whereas  the  one  used 
in  the  Southeast  has  a  100-point  scale. 



that,   on  the  average,   best  identify  the  same  5  classes  of  danger.    For  example, 
should  the  breaking  point  between  very  high  and  extreme  danger  come  at  40, 
or  50,   or  some  other  number  on  the  scale?     An  unqualified  answer  cannot  now 
be  given,   but  based  on  the  best  information  available,   the  following  breakdown 

of  the  100-point  Spread  Index  into  5  classes  of  danger  is  recommended  for  op- 
erational purposes:  Low,    0-4;   moderate,    5-9;  high,    10-19;  very  high,    20-39; 

extreme,   40  or  more- 

The  fire  behavior  that  can  generally  be  expected  according  to  these 
classes  (7)  follows: 

(1)  Low.  --Fuels  do  not  ignite  readily  from  small  firebrands,   although 
a  more  intense  heat  source,   such  as  lightning,   may  start  many  fires  in  duff  or 

punky  wood.     Fire  in  open-cured  grassland  may  burn  freely  a  few  hours  after 
rain,   but  woods  fires   spread  slowly  by  creeping  or  smoldering,   and  burn  in 
irregular  fingers.     There  is  little  danger  of  spotting.     The  color  code  is  green. 

(2)  Moderate.  --Fires  can  start  from  most  accidental  causes,   but  with 
the  exception  of  lightning  fires  in  some  areas,  the  number  of  starts  is  generally 

low.     Fires  in  open-cured  grassland  will  burn  briskly  and   spread  rapidly  on 
windy  days.     Woods  fires  spread  slowly  to  moderately  fast.     The  average  fire 
is  of  moderate  intensity,   although  heavy  concentrations   of  fuel,    especially 

draped  fuel,   may  burn  hot.     Short-distance  spotting  may  occur,   but  is  not  per- 
sistent.    Fires  are  not  likely  to  become  serious,    and  control  is  relatively  easy. 

The  color  code  is  blue. 

(3)  High.  --All  fine  dead  fuels  ignite  readily  and  fires  start  easily  from 
most  causes.     Unattended  brush  and  campfires   are  likely  to   escape.     Fires 

spread  rapidly  and  short -distance  spotting  is  common.    High-intensity  burning 
may  develop  on  slopes,   or  in  concentrations   of  fine  fuel.     Fires  may  become 
serious   and  their  control  difficult,   unless  they  are  hit  hard  and  fast  while 
small.     The  color  code  is  yellow. 

(4)  Very  High.  --Fires  start  easily  from  all  causes,  and  immediately 
after  ignition  spread  rapidly  and  increase  quickly  in  intensity.  Spot  fires  are 
a  constant  danger.  When  fires  burning  in  light  fuels  move  into  heavier  fuels, 

they  may  quickly  develop  high- intensity  characteristics  such  as  long-distance 
spotting  and  fire  whirlwinds.  Direct  attack  at  the  head  of  such  fires  is  rarely 
possible  after  they  have  been  burning  more  than  a  few  minutes.  The  color 
code  is  orange. 

(5)  Extreme.  --Fires  start  quickly,  spread  furiously,  and  burn  intensely. 
All  fires  are  potentially  serious.     Development  into  high-intensity  burning  will 
usually  be  faster  and  occur  from   smaller  fires   than  in  the  very  high  danger 
class  (item  4).    Direct  attack  is  rarely  possible,  and  may  be  dangerous,  except 
immediately  after  ignition.     Fires  that  develop  headway  in  heavy  slash  or  in 
conifer  stands   may  be  unmanageable  while  the  extreme  burning  condition  lasts. 
Under  these  conditions,   the  only  effective  and  safe  control  action  is  on  the  flanks 
until  the  weather  changes  or  the  fuel  supply  lessens.     The  color  code  is  red. 



Significance  Of  The  Buildup  Index 

The  Buildup  Index  enters  into  the  calculation  of  the  Spread  Index,   but  by 
itself  provides  highly  useful  information  to  the  fire  control  manager.     It  re- 

flects the  dryness  or  wetness  of  fuels  (other  than  fine  flashy  fuels)  which  have 
a  pronounced  effect  on  fire  behavior.    Where  deep  duff  or  litter  layers  or  heavy 
roughs  are  present,  fires  may  start  and  burn  readily  when  the  Spread  Index  is 
high  and  the  Buildup  Index  low,   but  ordinarily  they  will  be  of  relatively  low 
intensity  and  difficulty  of  control.    If  both  Indexes  are  high,  however,  fires  will 
spread  more  rapidly,   persist  longer,   burn  with  greater  intensity,   and  cause 
more  damage.     As  the  Buildup  Index  increases,   mopup  becomes  progressively 
more  difficult. 

The  Buildup  Index  under  some  circumstances  is  a  better  indicator  of  fire- 
load  potential  than  the  Spread  Index.     For  example,   light  rains  may  keep  the 
Spread  Index  at  a  low  point  but  have  little  effect  on  the  Buildup  Index.   The  effect 
of  such  rains  on  fine  fuels  can  be  quickly  dissipated,    sometimes  in  a  few  hours, 
causing  fire  dsmger  to  rise  quickly  from  low  to  extreme  if  the  Buildup  Index  is 
sufficiently  high.     The  prudent  fire  control  manager  will,   therefore,   consider 
both  Indexes  when  planning  fire  control  activities. 

Fire  Danger  Station  And  Instrument  Location 

Instruments  needed  at  a  fire  danger  station  to  measure  weather  cind  to 
derive  a  Burning  and  Spread  Index  are  a  rain  gage,   anemometer,   and  psy- 
chrometer.     In  selecting  a  site  for  instruments,   the  first  consideration  is  to 
find  a  place  that  is  suitable  for  a  rain  gage  amd  psychrometer.     The  rain  gage 
must  be  mounted  at  a  spot  at  least  as  far  from  the  nearest  sizeable  obstructions, 
such  as  buildings  or  a  stand  of  trees,   as  the  height  of  the  obstructions.    Such  a 
place  is  also  satisfactory  for  the  psychrometer  if  there  is  free  movement  of  air. 
A  second  and  generally  more  difficult  problem  is  to  find  a  satisfactory  location 
for  the  anemometer.    In  flat  or  rolling  country,   the  best  place  for  mounting 
anemometers  is  often  on  lookout  towers. 

All  instruments  need  not  be  located  at  the  same  place.     Sometimes  a  sat- 
isfactory exposure  for  an  anemometer  can  be  found  only  at  some  distance  from 

the  rain  gage  and  psychrometer.     With  a  dependable  power  source,   a  wire  can 
be  led  at  reasonable  cost  from  the   anemometer  to   some   readily  accessible 
point  as  far  away  as  \  mile. 

An  ideal  location  for  a  danger  station  is  a  large  flat  or  gently  rolling  area 
with  a  low  vegetative  cover,  without  buildings  or  other  obstructions  to  the  wind, 
and  one  that  is  convenient  to  the  observers.     Such  sites  are  rare. 

If  possible,  the  station  should  not  be  nearer  than  50  feet  to  large  reflec- 
tive surfaces,  such  as  white-painted  buildings,  or  nearer  than  100  feet  to  ex- 

tensive paved  or  dusty  areas.     A  distance  of  at  least  several  hundred  feet  from 



bodies  of  water,   and  from  swampy  or  large  irrigated  areas  is  desirable,   but 
the  emphasis   should  be  on  the  prevailing  wind  direction.     Select  the  upwind 
side  wherever  possible. 

Sharp  peaks  and  ridges,   as  well  as  narrow  valleys,    should  be  avoided. 
Anemometers  located  on  peaks  and  ridges  are  likely  to  register  too  high  wind 

speeds.     If  such  sites  must  be  used,   a  fire  danger  rating  expert  should  be  con- 
sulted as  to  best  height  and  exposure  of  the  instrument. 

Thought  should  be  given  to  the  future  as   well  as  the  present;  some 
stations,   once  well  located,   are  now  unsatisfactory  because  trees  have  grown 
up  or  buildings  been  erected  nearby . 

The  following  section  of  this  paper  describes  models  of  instruments  and 
their  location  in  more   detail.     Mention  of  models  by  name  in  no  way  implies 
that  others  not  mentioned  are  not  satisfactory.    Instrument  suppliers  are  listed 
at  the  end  of  this  paper. 

RAIN  GAGES 

The  Forest  Service  type  of  spun  aluminum  rain  gage  is  recommended 
because  it  is   accurate  and  relatively  inexpensive.     It  is   considered  much 
superior  to  an  earlier  gage  made  of  galvanized  iron  with  soldered  seams. 

Top  of  post 

must  be  level. 

>  ̂  4»  Post  and  uprights 

^y  to  be  plumb. 

Slab  sides  to  receite 

uprights  and  la  get 

required  spacing  eMOCt. 

Post  9'/i"  la  10" (riotural  peeled) 

Treat  surface  exposed 

to  earth. 

Figure  1.  --Recommended  mount  for  U.   S. 
Forest  Service-type  rain  gage. 

The  gage   should  be   securely 
mounted  (fig.    1)   so  that  the  funnel 
top  is  level  and  about   3  feet  above 
ground.     It  should  be  positioned  so 

that  an  angle  of  45°  or  less  from  the 
horizontal  at  the  funnel  top  clears 
the  top  of  all  obstructions.     This 
means  that  the  distance  of  the  gage 
from   any  obstruction   should  equal 

or  exceed  the  height  of  the  obstruc- 
tion.    The  angle  can  be  checked  by 

setting  an  Abney  level  at  45°   and 
sighting  from  the   gage  top  in  the 
direction  of  the  tallest  obstructions. 
Trees  or  buildings  too  near  the  gage 
will  cause   air  currents   and  eddies 
and  therefore  interfere  with  free 

fall  of  precipitation. 

A  measuring  stick  made  of 
black  composition  material  called 
Lamicoid  is  better  than  the  com- 

mon wood  stick  if  kept  free  of  oily 
substances.  Water  will  not  creep 
up  it,  it  can  be  easily  cleaned,  and 
markings  will  last  longer. 



ANEMOMETERS 

A  variety  of  anemometers  are  used  at  danger  stations.    Models  that  have 
given  satisfactory  service  are  listed  iinder  Suppliers. 

Because  fire  spread  is  extremely  sensitive  to  surface  wind  speed,   the 
placement  of  an  anemometer  requires  most  careful  attention.     The   standard 
anemometer  height  is  20  feet  above  open  level  ground.     If  supported  on  the 
ground,   the  average  height  of  brush  or  other  ground  cover  and  a  correction 
for  wind  obstruction,    such  as  buildings  or  forest  stands,   must  be  added  to  the 

20-foot  basic  height.     An  anemometer  location  is  considered  standard  if  it  is 
no  closer  to  the  nearest  sizeable  obstruction  than  7  times  the  height  of  the 
obstruction. 

The  reason  corrections  must  be  made  for  nonstandard  locations  is  that 

obstacles   and  topography,   such  as  buildings,   trees,   and  high  land  masses, 
divert  the   air,   split  it,   and   create  gusts   and  eddies,   backdrafts  or  updrafts, 
thus  changing  its  direction  and  speed. 

Table  3. --Anemometer  height,    20-foot  standard 

Distance  to Height  of  obstruction  (feet) 
obstruction 

(feet) 
10 20 30 40 

50 60 70 

-  - -  -  - Feet 
2.  .  _ 

-  - 
10 27 -- -- 

-- -- -- -- 
20 

25 
34 -- -- -- -- -- 30 

24 
32 

41 

-- 

-- -- 
-- 

40 22 
30 39 48 

-- -- -- 
50 21 

29 
37 46 55 -- -- 

60 21 27 
35 

44 
53 

62 -- 

70 
20 

26 34 
42 

51 60 

69 

80 
20 

24 
32 

40 
49 

58 

67 

90 20 
23 31 38 

47 56 65 
100 

20 
22 

29 37 45 
54 63 

120 20 21 26 34 
42 

50 59 

140 20 
20 24 31 

39 47 55 

160 20 20 23 
28 

36 44 52 
180 

20 20 
22 

26 
33 41 

49 

200 20 

20 
20 

24 
30 38 46 

220 20 20 20 
23 

28 
35 43 

240 20 
20 

20 

22 26 32 

40 

260 20 
20 

20 
21 25 

30 37 

280 20 20 20 
20 24 

28 
34 

300 20 20 
20 20 

23 26 

32 

350 20 20 
20 

20 20 23 

27 

400 
20 20 20 20 

20 
21 

25 
450 

20 20 20 
20 

20 
20 22 

500 
20 20 20 20 20 

20 

20 

Note:  The  computed  anemometer  heights  do 
not  include  an  allowance  for  surface  roughness, 
which  should  be  added  if  needed. 

Anemometer  heights  have  not  been  computed 
for  distances  less  than  height  of  obstruction.  In 
such  cases  place  anemometer  20  feet  above  the 
obstruction. 

Principles  that  should  be  observed 
in  locating   anemometers  where  surface 
roughness   and  barriers  influence  wind 
movement  (_6^)  are  illustrated  in  figures  2, 
3,  and  4.    The  amount  to  be  added  to  the 

20-foot  standard  is  the  average  height  of 
the  surface  obstruction.    For  example, 

assume  a  brush-covered  area  in  the  open. 
If  the  average  height  of  brush  is  3  feet, 
the  anemometer  should  be  mounted  23  feet 

above  ground. 

The  amount  by  which  the  anemom- 
eter height  must  be  increased  because  of 

obstructions  such  as  buildings  or  trees 
is  known  as  height  correction,  or  he.    For 
convenience  in  computing  he,    see  table  3. 
For  example,    assume  an  instrument  site 
is  100  feet  from  a  30-foot  stand  of  trees. 
The  proper  anemometer  height  is  29  feet 
plus  whatever  needs  to  be  added  because 

of  ground  cover. 

Much  difficulty  in  finding  a  suitable 
site  for  an  anemometer  can  be  avoided  if 

a  danger  station  can  be  located  at  or  fair- 
ly near  a  lookout  tower.    This  will  permit 

mounting  the  anemometer  on  the  tower  so 
as  to  be  fully  exposed  to  the  wind.    Also, 
a  wire  can  be  strung  from  the  instrument 
to  the  cab  for  ready  measurement  of  wind 
whenever  the  lookout  chooses,   and  it  is 

quickly  available  for  servicing. 



EFFECTS  OF  VEGETATION  AND  TOPOGRAPHY  ON  WIND 

Figure  2. --Effect  of  surface  roughness  (brush  and  rough  topography).    Adjustment 
of  anemometer  height  is  necessary. 

Figure  3. --Effect  of  wind  barriers  (timber  and  buildings).     Adjustment  of 
anemometer  height  is  necessary. 

Figure  4.  --Effect  of  wind  barriers  and  surface  roughness  (trees  and  brush). 
Adjustment  of  anemometer  height  is  necessary. 
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A  previous  publication  (3)  contained  a  statement  that  an  anemometer 
should  be  attached  to  the  guard  rail  or  other  convenient  member  of  the  tower 

midway  between  the  first  and  second  landing  below  the  cab  if  this  height  clear- 
ed the  surroxmding  tree  canopy  by  50  or  more  feet,   and  if  not,   the  instrument 

should  be  mounted  10  feet  above  the  cab.     Based  on  subsequent  research  (2), 
we  now  recommend  that  the  anemom- 

Table  4.  --Conversion  of  wind  speed  measured 
40  or  more  feet  above  surrounding  trees  to 
the  open  station  standard  (4) 

Tower 

speed 

Open 
station 

speed 

Tower 

speed 

Open 
station 

speed —  Miles 

per  hour  -  - 
1 1 26 

19 

2 1 27 
20 

3 2 
28 

20 

4 3 
29 

21 
5 4 30 22 

6 4 31 
23 7 5 32 
23 8 6 

33 

24 9 7 34 

25 
10 7 

35 
26 

11 8 36 

26 

12 9 
37 

27 
13 9 

38 
28 

14 10 

39 
29 

15 11 

40 
30 

16 12 
41 

31 17 12 
42 31 

18 13 
43 

32 19 

14 

44 
33 

20 15 
45 

34 

21 15 
46 

34 
22 16 47 

35 

23 17 
48 36 

24 
18 

49 

37 
25 

18 
50 

37 

eter  be  mounted  at  least  10  feet  above 

the  peak  of  the  cab.     If  the  wind  blows 
directly  towards  the  anemometer  when 
mounted  on  the  side  of  the  tower,   cor- 

rect measurements   will  no   doubt  be 

obtained.    However,  if  from  the  opposite 
direction,   the  true  speed  of  light  winds 

may  be  reduced  by  almost  one-half,  and 
for  winds    10  to   14  m,  p.  h.   by  nearly 
one- fourth.    For  this  reason  the  recom- 

mended mount  is  at  least  10  feet  above 

the  peak  of  the  cab. 

Conversion  of  tower  wind  speeds 

to  the  20- foot  standard  may  or  may  not 
be  necessary.     If  the  height  of  the  ane- 

mometer is  40  or  more  feet  above  the 

average    level    of    surrounding    tree 
crowns,   tower  speeds  must  be  cor- 

rected by  means  of  table  4.   If  substan- 
tially less  than  40  feet,   no  correction 

is  needed.   These  same  general  recom- 
mendations   apply    to    anemometers 

mounted  on  masts. 

Two  suggested  anemometer  mounts 
are  illustrated  in  figures  5  and  6. 
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All  pipe  ond  fittings    '/^'inch  golyonl/ed 
except  two  T  s. 

Foot  flange 

Rubber- 
shock 

absorber 

Brass  f  s- 

bored  out 

to'i/ff"  for slide  fit 

3" eye- bolt.  In  remaining 3 
holes  use  guy  wires  of  hlo. 

18  or20  guage  galv.  wire. 

Proiride  with  turnbuckles 

to  adjust  tension. 

I  awning  pulley 

No.  8  sash  chain 

^| 

5  nipple 

Brass  "T Z 

% 

n 
1  ' —  Rubber  shock  absorber  -  bicycle 

handle  grip  or  rubber  hose 
IS  suitable 

W-2.1 

'  Coble  connector  for 

wires  to  bus/er 

I   owning  pulley 

r®Jj    '^Adjustable  bare  wire  clamp 

-Z 

Use  hook  mode  of  iVo  12 galv  wire 

to  go  thru  sash  chain  and  hold 

anemometer  in  "up  position 

Vary  length  of  pipe  according  to  calculated 

height  of  anemometer  cups  If  cups  are  to 

be  at  20',  pipe  should  be  approx.  18  '/^ ' 

Foot  flange  with  leveling  adjustment 

4-  '/4  X  6" galv  bolts 
embedded  m  concrete 

90° street  L ' 
SCALE 

2  3         4 
6  INCHES 

OvJ 

Figure  5.--A  suggested  anemometer  mast  and  mounting.  Instrument  may  readily 
be  lowered,  and  is  easily  pulled  up  in  position  after  servicing.  Larger-diameter 
pipe  and  galvanized  T's  optional  (1).  Extreme  care  should  be  used  in  tighten- 

ing guy  wires  to  avoid  bending  mast. 
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PSYCHROMETERS 

The  amount  of  water  vapor  in  the  atmosphere,   in  relation  to  what  it  can 
hold,   is   used  to   estimate  fine  fuel  moisture,   one  of  the  components  of  the 
Spread  Index.     Water  vapor  can  be  measured  in  a  number  of  ways,   but  only 

psychrometers,   which  indicate  wet-  and  dry-bulb  temperatures,   are  discussed 
in  this  paper. 

Fan  Psychrometers 

Fan  psychrometers  are  used  extensively  at  western  fire  danger  stations, 
but  they  must  be  housed  in  ventilated  shelters.    Because  shelters  are  expensive, 
a  relatively  inexpensive  instrument  called  the  mortarboard  psychrometer 
(fig.  7)  was  devised. 

Figure  7  . --Mortarboard  Psychrometer. 



11 

Mortarboard  Psychrometers 

The  mortarboard  psychrometer  (5)  recently  developed  at  the  Southern 
Forest  Fire  Laboratory  is  a  satisfactory  and  inexpensive  way  of  measuring 
atmospheric  moisture.    It  has  been  tested  at  a  number  of  field  installations 
and  its  use  is  recommended. 

The  instrument  consists  of  a  wet-   and  dry-bulb  thermometer  mounted 
horizontally  between  aluminum  plates  that  shield  the  thermometers  from  radi- 

ation,  both  above  and  below,   but  permit  free  flow  of  air  from  all  sides.    A  length 
of  wicking  extends  from  a  covered  plastic   water   container  through  a  tube  onto 
the  wet  bulb. 

A  site  that  meets  the  standards  described  for  the  location  of  a  danger 
station  will  ordinarily  be  satisfactory  for  a  mortarboard  psychrometer.    Sites 
where  the  prevailing  wind  blows  over  bodies  of  water  or  swampy  areas  toward 
the  psychrometer,   and  pockets  where  air  tends  to  stagnate,    should  be  avoided. 

E.M.T. 
a 

COUPLING 

(BOTTOM  NUT 

REMOVED  TO 

ALLOW  THREADED 

END  TO  FIT 

INSIDE    I  '4" TUBING 

BOTTOM  END 

OF  l"  TUBING 
FLARED  OR 

BOUND  WITH 

TAPE  TO  FIT 

TIGHTLY  INSIDE 

I  'a"  TUBING- 

1=4 

P 

I    E.M.T.  5  LONG 

POSITIONING 

RIDGE  INSIDE 

COUPLING  FILED 

OUT  TO  ALLOW 

COUPLING  TO  SLIDE 

ON  TUBING 

-i  %     E.M.T 5'  LONG 

2'  IN  GROUND 

3'  STANDING 

■ fx^^ 

Figure  8. --Recommended  ground  support 
for  mortarboard  psychrometer. 

A  recommended  method  for  mount- 

ing the  mortarboard  psychrometer   ac- 

cording to  Taylor  (5)  is  to,    "...   set  a 
5-foot  section  of  if^inch  electrical  me- 

tallic tubing  (EMT)  firmly  2  feet  into  the 
ground.     The  1-inch  electrical  metallic 
tubing  (EMT)   can  be   slipped  into  the 
larger  conduit  and  held  at  the  desired 

height  with  a  1-inch  compression  cou- 
pling from  which  the  lower  nut  has  been 

removed  (fig.  8).     The  positioning  ridge 
or  nub  in  the   coupling  must  be  filed 
down  so  that  the  coupling  will   slide 

freely  on  the  1-inch  EMT.   This  permits 
easy  adjustment  of  the  thermometers  to 
the  eye  level  of  the  observer.    If  not  at 
this  height,   the  corners  of  the  upper 

shield  will  be  a  safety  hazard.  " 

When  installing  the  instrument, 
the  longest  part  of  the  upper  shield 
must  point  south.     In  this  position  the 
thermometers  will  be  completely  shaded 
from  the   sun  during  the  middle  hours 
of  the  day.     For  early  morning  and  late 
afternoon  readings  it  will  be  necessary 

to  reorient  the  psychrometer  as  describ- 
ed in  the  section  on  operation. 



Mortarboard  psychrometers  had  probably  best  be  made  in  protection 
agency  shops  or  procured  from  local  manufacturers.    Specifications  are  avail- 

able from  the  Southern  Forest  Fire  Laboratory,   of  the  Southeastern  Forest 
Experiment  Station,   P.  O.   Box  1421,   Macon,   Georgia. 

Matched  pairs  of  thermometers  are  available  to  cooperating  agencies 
from  the  Southern  Forest  Fire   Laboratory  on  request  at  cost.     A  supply  of 
wicking  is  sent  with  each  set  of  thermometers.     If  a  thermometer  is  broken 
or  needs  replacement,   a  new  set  should  be  requested.     Return  the  old  set  in 
the  shipping  box.     Only  matched  sets  will  be  provided. 

Sling  Psychrometers 

The  well-known  sling  psychrometer  in  the  hands  of  an  experienced  and 
conscientious  observer  will  give  accurate  measurements  of  wet-  and  dry-bulb 
temperatures.     If  may  be  a  very  useful  instrument  in  obtaining   supplemental 
weather  information  in  a  rating  area  where  the  mortarboard  psychrometer  is 
not  available.    However,   it  is  not  recommended  for  use  as  standard  equipment 
at  danger  stations,   because  it  is  easily  broken  and  observers   ordinarily  fail 
to  whirl  the  instrument  long  enough  to  obtain  accurate  readings. 

STATION  ENCLOSURE 

Fire   danger  station  equipment   should  be  within  a  fenced  enclosure  if 
there  is   danger  of  molestation.     Size  of  the  fenced  enclosure  is  immaterial 
so  long  as  the  fence   does   not  interfere  with  free  passage  of  air  or  catch  of 
precipitation.     A  stout  woven  or  mesh  wire  fence,   not  a  board  or  picket  fence, 
about  4  feet  high  is  recommended.    The  enclosure  should  be  neatly  constructed, 
well  maintained,   and  in  harmony  with  its  surroundings  so  far  as  possible. 



16 

Fire  Danger  Station  Operation 

This  section  deals  with  procedures  for  measuring  precipitation,   wind 

speed,   wet-  and  dry- bulb  temperatures,   and  identifying  Herbaceous  Stage. 

HOW  TO  MEASURE  PRECIPITATION 

Rain  is  measured  as  follows: 

1.  Carefully  remove  the  funnel  top  of  the  rain  gage. 

2.  Lower  the  measuring  stick  down  inside  the  measuring  tube  until 
the  stick  rests  on  the  bottom. 

3.  Raise  the  measuring  stick  and  read  the  top  edge  of  the  waterline 
(the  stick  is  marked  off  in  hundredths  of  an  inch  and  should  be 
read  to  the  nearest  hundredth). 

4.  If  rain  has  filled  the  small  tube  and  overflowed  into  the  larger 
container,   count  the  full  tube  as  0.50  inch  (or  2.00  inches  if  the 
U.  S.  Weather  Bureau  type  is  used).     Carefully  lift  tube  out 
and  empty,   then  pour  overflow  water  into  the  small  tube  and 
measure.     The  sum  of  the  measurements  is  the  precipitation 
for  the  period. 

If  snow  is  expected,  remove  funnel  top  and  measuring  tube  and  let  snow 
collect  in  the  large  container.  To  measure,  melt  the  snow  by  low  heat,  pour 
the  water  into  the  small  tube  and  proceed  as  in  measuring  rain. 

HOW  TO  MEASURE  WIND 

Most  anemometers   at  danger  stations   are   so  constructed  that  an  elec- 
trical contact  is  made  for  every  ̂   mile  of  wind  that  moves   by  the  cups. 

The  number  of  contacts  per  minute  nearly  equals  the  wind  speed  in  miles  per 
hour.   Anemometer  terminals  are  connected  in  series  with  a  switch,    dry  cells, 
and  a  buzzer  or  counter,   so  that  an  electrical  circuit  is  formed.    Wind  speed 
is  measured  by  noting  the  number  of  signals  for  a  specified  number  of  minutes. 
For  example,  assume  that  a  4-minute  measurement  with  a  buzzer  is  to  be  made. 
Close  the  switch,   listen  for  a  signal  and  immediately  at  the   end  of  the  signal 
begin  timing.     Count  the  number  of   signals   for   exactly  4  minutes   and  divide 
by  4.     Use  a  watch  with  a  second  hand  to  obtain  correct  timing.     Record  \  mile 
to  the  next  higher  mile.     For  convenience  in  converting  number  of  signals  to 
wind  speed  see  table  5. 

Anemometer  manufacturers  supply  tables  from  which  measured  speed 

can  be  converted  to  true  wind  speed.     The  correction  can  be  closely  approx- 
imated by  adding  a  mile  to  measured  speeds  that  range  from  1  to  9  miles  per 

hour.     Because  this  difference  is  slight  and  winds  are  variable,   the  use  of 
correction  tables  is  optional. 
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Table  5. --Number  of  ajiemometer  signals  for  a 
4-minute  period  converted  to  wind  speed  in 
miles  per  hour 

Signals  per Wind Signals  per Wind 

4  minutes speed 4  minutes 
speed 

Number 
Miles 

per  hour 
Number 

Miles 

per  hour 

0-1 0 78-81 20 

2-5 1 82-85 21 
6-9 2 86-89 22 

10-13 3 90-93 23 

14-17 4 94-97 24 

18-21 5 98-101 25 

22-25 6 102-105 26 

26-29 7 106-109 27 

30-33 8 110-113 28 

34-37 9 114-117 29 

38-41 
10 118-121 

30 

42-45 11 122-125 31 

46-49 
12 

126-129 
32 

50-53 13 130-133 33 

54-57 14 134-137 34 

58-61 
15 

138-141 35 
62-65 

16 142-145 
36 

66-69 17 146-149 

37 

70-73 
18 

150-153 

38 

74-77 
19 

154-157 

39 

According  to  meteorological 
studies,   a  2-minute  wind  count  is 
better  than  a   1 -minute  count,   4 
minutes   are  better  than   2,   and  so 
on.     Meteorologists   agree  that  a 
10-minute  count   will  give  a  good 
measure  of  average  wind  speed 
during  the  period  of  an  hour  and 
this  has  been  accepted  as  standard 
by  the  World  Meteorological  Organ- 

ization.    But    10-minute   counts   are 
impractical  without  automatic  timers 
and  counters.     There  appears  to  be 
no  such  device  on  the  market  except 
at  considerable  cost.     A  4-minute 
count  at  each  time  fire  danger  meas- 

urements  are  made    is      strongly 
recommended. 

HOW  TO  MEASURE  WET-  AND  DRY-BULB  TEMPERATURES 

To  obtain  accurate  measurements  of  wet-  and  dry-bulb  temperatures 
with  the  mortarboard  psychrometer,    the  observer  must  follow   certain procedures.     These  are: 

1.  Be  sure  the  wick  covering  the  wet  bulb  is  saturated  at  time  of 
reading  and  that  it  extends  at  least  an  inch  up  the  stem  above  the 
bulb.     The  thermometer  with  the  black  ring  about  3  inches  from 
the  end  of  the  bulb  should  be  used  as  the  wet-bulb  thermometer. 

2.  Change  the  wicking  every  two  weeks;  oftener  if  the  psychrometer is  located  where  there  is  considerable  dust  or  smoke. 

3.  The  two  thermometers  should  agree  within  i  degree  when  the 
wet-bulb  thermometer  has  been  allowed  to  warm  after  the  wet 
wick  has  been  temporarily  removed.     Check  this  at  the  time 
when  wicking  is  changed  (every  two  weeks). 

4.  If  the  thermometers  do  not  agree,  the  mercury  column  in  one 
or  the  other  may  have  separated.  This  sometimes  happens  in 
shipping  or  in  use.  If  the  mercury  column  cannot  be  reunited 
(see  page  20),   a  new  set  of  thermometers  should  be  requested. 

Distilled  or  clean  rainwater  for  wetting  the  wick  is  best, 
ever,   clean  mineral-free  tapwater  is  permissible. 

How- 
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6.  Enough  air  must  flow  over  the  mortarboard  wet-bulb  thermom- 
eter to  remove  the  water  vapor  which   surrounds  the  wick  as  a 

result  of  evaporation.    During  periods  of  near  calm,  the  wet  biolb 
must  be  fanned  to  insure  a  correct  reading.     Fanning  for  2  or  3 
minutes  will  usually  be  enough  except  during  very  dry  weather. 
The  wet-bulb  thermometer  should  be  watched  so  as  to  be  sure 
it  has  reached  its  lowest  temperature.    Not  until  then  should  it 

be  read.    Then  immediately  read  the  dry-bulb  thermometer. 

7.  In  freezing  weather  the  wick  is  usually  dry.     Apply  cold  water 
to  obtain  a  thin  coating  of  ice  on  the  wicking  over  the  bulb. 

Avoid  a  thick  coating  of  ice.     After  the  wet-bulb  temperature 
drops  below  32  degrees  to  a  steady  point,   the  reading  is  made; 
it  may  be  necessary  to  wait  for  several  minutes  before  natural 
ventilation  or  fanning  brings  the  temperatures  to  this  point.     If 
a  thin  coating  of  ice  does  not  form  when  the  air  temperature  is 
below  freezing,   ice  formation  can  be  speeded  by  touching  the 
bulb  with  a  bit  of  ice  or  cold  metal. 

8.  Temperature  readings  will  be  incorrect  if  thermometers  are 
exposed  to  direct  sunlight  as  in  early  morning  or  late  afternoon. 
If  readings  are  made  at  such  times,   the  thermometers  must  be 
shaded  for  several  minutes  beforehand.     This  can  be  done  by 
shading  with  an  object  such  as  a  clipboard  or  by  pivoting  the 
mortarboard  from  its  north  and  south  position. 

9.  The  possible  effect  of  body  heat  on  the  thermometers  can  be 

avoided  if  the  observer  will  stand  at  a  slight  distance  to  deter- 
mine approximate  temperatures  then  step  in  for  a  quick  reading. 

10.     Temperatures  should  be  read  to  the  nearest  degree.     Record 

■^  degree  to  the  next  higher  degree. 

Approved  methods  for  obtaining  wet-  and  dry-bulb  temperatures  with  a 
sling  psychrometer  are: 

1.  Thoroughly  wet  the  wick  with  clean  water. 

2.  Stand  in  the  shade  and  if  light  condition    permits  face  into  the 
wind  so  as  to  minimize  the  effect  of  body  heat. 

3.  Whirl  the  psychrometer  for  about  1  minute  at  the  rate  of  3  or 
4  whirls  per  second,   then  quickly  read  the  wet  bulb. 

4.  Repeat  whirling  intervals  until  the  lowest  wet-bulb  reading  is 
obtained.     Read  both  thermometers  as  quickly  as  possible  and 
record. 

5.  In  freezing  weather,   as  ice  forms  on  the  wet  bulb,   its  tempera- 
ture will  rise  to  32  degrees.     Several  minutes  of  moderate 

whirling  may  be  necessary  before  the  temperature  drops  below 
this  point  to  its  lowest  value. 
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HOW  TO  IDENTIFY  HERBACEOUS  STAGE 

Condition  of  Lesser  Vegetation,   one  of  the  items  set  up  on  the  type  8  or 

8-100  meters,   is  known  as  Herbaceous  Stage  in  the  National  System.     Instead 
of  5  classes,  there  are  now  3,  which  are  still  designated  as  Green,   Transition, 
and  Cured.     This   simplification  has   been  made  because  field  men  have  had 
considerable  trouble  in  identifying  the  5  stages  used  with  the  meters. 

Herbaceous  Stage  must  be  estimated  on  an  observation  and  judgment 
basis.  It  represents  the  curing  condition  of  vegetation  such  as  grass,   weeds, 
or  ferns  in  the  rating  area,   whether  in  the  forest,   or  on  its  perimeter,   or  in 
openings.  For  estimating  purposes,  as  a  suggestion,  vegetation  is  considered 
Cured  when  7  5  percent  or  more  of  it  is  dead  or  dormant,   in  Transition  when 
from  25  to  75  percent,   and  Green  when  less  than  25  percent  is  dead  or  dormant. 

The  Cured  Herbaceous  Stage  usually  is  found  outside  the  growing  season, 
but  will  also  develop  during  the  growing  season  if  there  is  insufficient  rainfall. 

The  Buildup  Index  is  a  useful  guide  during  the  summer--as  a  preliminary  esti- 
mate, shift  to  Transition  if  the  new  Buildup  Index  reaches  50  and  to  Cured  at  100. 

A  comparison  of  the  classes  of  Herbaceous  Stage  according  to  the  Burn- 
ing and  Spread  Indexes  is  as  follows: 

Burning  Index  Spread  Index 

1-2  Cured 
3-4  Transition 
5  Green 

Fire  Danger  Station  Maintenance 

ENCLOSURE 

The  fence  and  gate  should  be  kept  in  good  repair  at  all  times.     A  low 

grass  cover,   kept  neatly  clipped,   provides  a  good  low- reflective  surface  for 
the  mortarboard  psychrometer  and  adds  to  the  general  appearance  of  the  site. 
It  should  not  be  watered.     Tall  weeds,    shrubby  vegetation,   or  litter  within  or 
near  the   enclosure   should  not  be  tolerated.     A  poorly  maintained  area  is  an 
indicator  of  a  poor  observer. 

RAIN  GAGE 

The  rain  gage  needs  only  to  be  mounted  firmly  with  its  top  level  and 
round,   and  kept  free  of  dents,   leaks,   and  debris.     Always  remove  the  small 
tube  when  there  is  danger  of  freezing  weather.     A  dirty  or  oily  measuring 
stick  or  one  that  has  indistinct  markings  should  be  cleaned  or  replaced. 
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MORTARBOARD  PSYCHROMETER 

Change  the  wick  every  2  weeks,   oftener  if  the  psychrometer  is  located 
where  there  is  considerable  dust  or  smoke.     To  do  so,   cut  off  the  wick  half- 

way between  the  tube  and  bulb  and  discard.    Pull  up  a  length  of  fresh  wicking; 
then  slip  it  over  the  bulb  and  1  inch  up  the  stem.     Be   sure  there  is  no   sag 
between  the  end  of  the  plastic  tube  and  the  end  of  the  mercury  bulb.     The  cap 
should  fit  tightly  on  the  plastic  cup  and  the  tube  should  extend  from  near  the 
bottom  of  the  cup  to  1  inch  below  the  tip  of  the  wet  bulb.     The  cup  and  tube 
should  be  washed  in  clean  water  (no  soap  or  detergents)  whenever  a  fresh 
supply  of  wicking  is  added.    A  new  supply  is  needed  when  that  in  use  no  longer 
reaches  the  bottom  of  the  cup.     Keep  the  cup  at  least  half  full  of  water.    It 
will  withstand  repeated  freezes.     Polish  the  upper  reflective  surface  of  the 
top  plate  three  or  four  times  a  year  and  keep  it  clean  at  all  times. 

THERMOMETERS 

Mercury  columns  in  thermometers  sometimes  become  separated  in  use 
or  during  shipment.    Manvtfacturers  suggest  several  ways  of  reuniting  columns. 

1.  Slight  jars  or  shaking  as  one  would  a  clinical  thermometer. 

2.  Most  thermometers  have  a  small  air  chamber  at  the  top  of  the 
stems.    If  the  separation  is  near  the  top  of  the  mercury  column, 
heat  the  bulb  carefully  in  very  hot  water  until  a  small  amount  of 
mercury  enters  the  air  chamber.    Holding  this  temperature,   tap 
gently  a  few  times.    Remove  bulb  from  water  and  as  the  mercury 
recedes  note  whether  column  is  reunited.     If  not,   repeat.     Be 
very  careful  not  to  let  the  chamber  fill  with  mercury  because  the 
thermometer  may  break. 

3.  If  the  air  chamber  is  too  small  to  hold  the  amount  of  mercury 
above  the  separation,   cool  only  the  bulb  in  dry  ice  until  all  the 
mercury  is  in  the  bulb.     Tap  bulb  gently  to  bring  all  bubbles  to 
the  top,   then  allow  bulb  to  warm  slowly. 

Markings  on  the  thermometer  can  be  renewed  by  smearing  a  small  amount 
of  lamp  black  oil  color  on  the  stem.  Immediately  after  application,  rub  off  the 
excess  with  a  piece  of  hard  finish  paper.  The  lamp  black  can  be  obtained  in 
small  tubes  from  most  paint  or  artist  supply  houses. 
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ANEMOMETERS 

Most  makes  of  anemometers  used  at  danger  stations  will  give  many  years 
of  good  service  if  given  a  reasonable  amount  of  care.  There  are  four  main 
maintenance  requirements: 

1.  The  instrument  must  be  mounted  firmly  with  the  spindle  plumb. 

2.  The  cups  must  be  free  of  dents  and  tight  on  their  shafts. 

3.  The  electrical  contact  points  must  be  smooth  and  free  of  dirt 
or  oil. 

4.  Periodic  lubrication  is  required  according  to  maintenance 
specifications  for  the  particular  make  and  model  instrument. 

Monthly  oiling- -one  or  two  drops  per  bearing- -is  usually 
recommended.     The  tendency  is  to  use  too  much  rather  than 
too  little  oil.     Sometimes  it  is  assumed  that  where  one  or 

two  drops  are  specified,   three  or  four  will  be  better.     The 
result  may  be  a  gummed  and  therefore  inaccurate  instrument. 
A  card  record  of  dates  of  oiling  is  recommended. 

Anemometers  should  be  oiled  with  a  high-grade  bearing  oil, 
such  as  used  for  typewriters,    sewing  machines,    reels,   or 
clocks.     A  silicone  fluid  lubricant  is  also  recommended. 

Ordinary  light  mineral  oil  sold  as  household  lubricant  may 
become  gumnny  or  may  corrode  and  gradually  pit  the  bearings. 

The  freeness  of  the  anemometer  spindle  can  be  checked  in  several  ways. 
If  mounted,   remove  the  cups   and   run  the   side  of  the  finger  lightly  along  the 
side  of  the  spindle.     It  should  turn  easily  with  only  slight  pressure  from  the 
finger.     If  the  instrument  is  unmounted,   hold  it  above  your  head  in  a  room 
where  there  is  no  draft  and  walk  rapidly.     Keep  the  shaft  vertical.     The  cups 
should  begin  to  turn  by  the  time  you  have  walked  about  10  feet. 

Anemometers  should  be  serviced  at  least  once  a  year  by  trained  person- 
nel.    When  badly  worn  parts  or  serious  adjustment  problems  are  encountered, 

instrument  should  be  sent  to  the  manufacturer  for  repair.     Spare  anemometers 
should  be  at  hand  as  replacements  for  those  being  repaired. 

When  field  servicing,   remove  the  instrument  from  its  mount  and  thorough- 
ly flush  the  mechanism  in  kerosene  or  other  suitable  solvent  to  remove  old  oil 

and  dirt.     For  safety  reasons,   carbon  tetrachloride  or  other  highly  volatile  sol- 
vents should  not  be  used.     Particular  attention  needs  to  be  paid  to  electrical 

contact  points.     These  should  be  checked  for  cleanliness,   proper  spring  tension, 
and  clearance  between  points. 



22 

At  danger  stations  that  are  not  operated  for  several  months  each  year, 
preferred  practice  is  to  remove  the  anemometer,   clean,   oil,   and  store  in  a 
safe  place.     Keep  in  mind  that  anemometers  are  precision  instruments  that 
require  careful  handling  if  they  are  to  give  accurate  readings.     This   applies 
not  only  to  assembly  and  maintenance,   but  also  to  transport  and  storage. 

The  Appendix  contains  brief  instructions  for  the  maintenance  of  several 
types  of  anemometers.  For  full  details  see  recommendations  accompanying 
each  instrument. 

INSPECTION 

During  the  period  of  changeover  to  the  National  System,   a  fire  control 
agency  would  do  well  to  examine  its  entire  network  of  danger  stations.     Some 
stations  may  originally  have  been  well  located  but  are  now  vinsatisfactory 
because  of  tree  growth,   erection  of  buildings,   or  other  reasons. 

The  need  for  systematic  inspection  of  fire  danger  stations,   their  opera- 
tion, and  records,  by  experienced  personnel  cannot  be  emphasized  too  strongly. 

Unless  this  is  done,   a  certain  number  of  stations  are  certain  to  be  substandard. 
Too  often  a  staff  man  is  put  in  charge  of  the  danger  station  network  but  is  given 
so  many  other  responsibilities  that  he  cannot  give  stations  the  required  attention. 

Part  of  the  inspector's  job  should  be  to: 

1.  Plan  danger  station  and  select  station  sites. 

2.  Train  observers. 

3.  Thoroughly  inspect  each  station  at  the  beginning  of  the  fire  season 
and  at  least  once  during  the  season  and  make  a  written  report. 

4.  Check  observation  procedures. 

5.  Check  maintenance  of  danger  station  instrxoments  and  sites. 

6.  Check  fire  danger  records  at  time  of  inspection  and  spot-check 
records  between  inspections. 

7 .  Assist  in  planning  action  programs  based  on  fire  danger  and 
other  factors  for  each  protection  vinit. 
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In  making  inspections  of  danger  stations,   a  tickler  list  of  items  such  as 
the  following  has  been  foimd  very  useful.     It  serves  as  a  guide  to  the  inspector 

and  is  helpful  in  training  observers.     Its  use  is  strongly  recommended. 

Enclosure 

1.  Fence  and  gate  in  good  repair 

2.  Area  well  maintained 

3.  Vegetation  neatly  clipped 

4.  In  keeping  with  surroundings 

Rain  Gage 

1.  Firmly  mounted,   with  top  level  and  round 

2.  Free  of  dents,  leaks,   and  debris 

3.  Measuring  stick  legible  and  in  good  repair 

4.  45°  angle  from  top  of  gage  clears  obstructions 

5.  Top  approximately  3  feet  above  ground 

6.  Mount  kept  painted 

Psychrometers 

1.  Wick  changed  every  two  weeks 

2.  Wick  extends  an  inch  up  stem 

3.  Wicking  clean--not  cmisted 

4.  Thermometer  bulbs  clean 

5.  Thermometer  markings  clearly  legible 

6.  Thermometers  agree  within  ̂   degree  when  read  as 

dry-bulb  thermometers 

7 .  Clean,   mineral- free  water  used 

8.  Wet  bulb  brought  to  its  lowest  point 

9.  Extra  wicks  on  hand 
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Anemometers 

1.  Cups  at  proper  elevation 

2.  Cups  firmly  attached  to  spindle 

3.  Cups  undamaged 

4.  Spindle  turns  freely 

5.  Firmly  moxmted  and  plumb 

6.  Maintenance  schedule  followed 

7.  Protected  from  lightning 

8.  Power  supply  adequate 

Operation  and  Records 

1.  Precipitation  measured  and  recorded  correctly 

2.  Wind  measured  and  recorded  correctly 

3.  Wet-  and  dry-bulb  temperatures  measured  and  recorded 
correctly 

4.  Herbaceous  stage  correctly  identified 

5.  Readings  taken  at  scheduled  time 

6.  Records  neat  and  legible 

7.  Tables  used  correctly 

Whenever  a  danger  station  is  inspected,   a  written  record  should  be 
made  for  administrative  review  and  subsequent  action  where  needed.     An 
inspection  form  is  a  convenient  way  of   summarizing  the  good  or  poor 
characteristics  of  a  station  and  in  indicating  where   remedial  measures 
are  needed.  - 
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How  To  Measure  Fire  Danger 

This  section  of  the  Paper  contains  information  on  when  to  make  measure- 
ments; also  tables  (fig.   9),   and  instructions  for  computing  Buildup  and  Spread 

Indexes,   and  a  sample  form  (fig.    10)  for  recording  daily  measurements. 

WHEN  TO  MAKE  MEASUREMENTS 

For  uniformity,  observations  of  wet-  and  dry-bulb  temperatures,  wind 
speed,  and  24-hour  precipitation  at  1  o'clock  p.m.  standard  time  each  day  is 
recommended.    It  should  be  considered  the  basic  reading  for  the  day. 

Each  U.  S.   Forest  Service  Region  is  required  to  set  the  time  when  basic 
reading    on  its  National  Forests  will  be  made.     This  will  be  the  time  when,   on 
the  average,  the  highest  Spread  Index  for  the  day  is  reached.   To  avoid  confusion, 

particularly  where  State  or  privately  protected  lands  border  on  federally  man- 
aged lands,  as  well  as  for  statistical  purposes,   it  would  be  desirable  to  have  all 

protection  agencies  within  a  State  take  the  basic  reading  at  the  same  hour. 

Some  protection  agencies   regularly  make  three   readings  a  day,   in  the 
morning,   early  afternoon,   and  in  the  late  afternoon  during  the  fire   season. 
Whether  to  take  these  additional  readings   depends  upon  administrative  needs. 
A  morning  reading  is   often  very  useful  in  indicating  the  fire  danger  to  be 
expected  later  in  the  day.     Late  afternoon  readings   are  also  recommended 
because  high  fire  danger  occasionally  persists  into  the  evening. 

HOW  TO  USE  THE  TABLES  AND  FORM 

Before  describing  how  to  compute  the  Buildup  and  Burning  Indexes,  a 
brief  discussion  of  the  tables  and  sample  form  follows. 

Fine  Fuel  Moisture  is  estimated  from  wet-  and  dry-bulb  measurements 
(formerly  from  fuel  moisture   slats)  in  either  tables  1,    2,   or  3  in  figure   9 
depending  upon  the  existing  Herbaceous  Stage.     (References  to   tables  in  the 
next  several  pages  are  to  those  in  figure  9).  Drying  Factors,   found  in  the 
small  tables  in  the  lower  right-hand  corner  of  tables  1,    2,    and  3,   are  used  to 
calculate  the  Buildup  Index.     These  factors   were  formerly  called  Buildup 
Factors  in  the  type  8  meters.     The  Buildup  Index,   as  before,   is  a  measure  of 

the  progressive  drying  of  other  than  fast- drying  fine  fuels.     It  is  adjusted  for 
precipitation  according  to  table  4  if  the  precipitation  during  the  past  24  hours 
has  been  more  than  a  tenth  of  an  inch.     The  Buildup  Index   and  Fine  Fuel 
Moisture  are  then  combined  in  table  5  to  obtain  an  adjusted  Fuel  Moisture. 
With  this  last  figure,   and  wind  speed,   the  Spread  Index  is  read  from  table  6. 

Procedures  for  deriving  the  Buildup  and  Burning  Indexes  will  be  more 
readily  understood  by  following  through  the  sample  calculations  on  the  record 
form,   figure  10,   as  follows: 
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Assvune  that  it  is  October  1,   and  the  Herbaceous  Stage  is  in  Cured.     In 

the  figure  10  form,   the  first  day's  measurements.   Wet-  and  Dry-Bulb  Temper- 
atures,  Herbaceous  Stage,    and  Wind  Speed  have  been  recorded  in  columns  1,  2, 

4,   and  11,    respectively.     Note  that  these   column  headings   are  underscored 
with  a  heavy  line. 

1.  Subtract  wet-bulb  reading,    51,   from  dry- bulb,    61,   and  enter 
the  difference,    10,   in  column  3. 

2.  Turn  to  table  1  (Cured  Herbaceous  Stage)  in  figure  9.     Enter 

the  table  at  Wet-Bulb  Depression  10  Degrees.     Read  across 
to  the  Dry-Bulb  Teinperature  column  headed  60-69.     The 
estimated  Fine  Fuel  Moisture,    8.5  percent,   is  recorded  in 
column  5,   figure  10. 

3.  Yesterday's  Buildup  was  40,   and  because  there  has  been  no 
precipitation  during  the  past  24  hours,   the  figure  recorded 
in  column  7  of  figure  10  is  also  40. 

4.  According  to  the  small  table  in  the  lower  right-hand  corner 
of  table  1  in  figure  9,   a  Fine  Fuel  Moisture  of  8.5  percent 
has   a  Drying  Factor  of  2.     This  number  is   recorded  in 

column  8  sind  added  to  the  40  in  column  7  to  give  today's 
Buildup  Index  of  42  in  column  9,   figure  10. 

5.  Next,   in  table  5  of  figure  9,   go  down  the  Bviildup  Index  column 
to  40-49  and  across  to  the  Fine  Fuel  Moisture  column  headed 
7.5  to  9,   which  gives  an  Adjusted  Fuel  Moisture  of  12;  this  is 
recorded  in  column  10,   figure  10. 

6.  With  this  last  item,    12,   and  a  wind  speed  of  4,   the  Spread 
Index  in  table  6  of  figure  9  is  seen  to  be  17.     Spread  Index, 
17,   is  entered  in  column  12,   figure  10. 

7.  Note  that  on  the  fourth  day  of  the  month  the  24-hour  precipita- 
tion has  been  62  hundredths  (0.62)  inch.    This  means  that  the 

previous  day's  entry  49  in  column  9  must  be  reduced  accord- 
ing to  table  4  in  figure  9.     Go  down  the  left-hand  column  in 

table  4  to  46-50  and  across  to  the  Precipitation  colvimn  headed 
0.51  to  0.70.     The  number  22  now  becomes  the  corrected 

Buildup  Index  in  column  7  for  the  fourth  day.     Next  add  the 
proper  Drying  Factor,    1  in  this   instance,   which  makes  the 

day's  Buildup  Index  23.     Always  adjust  for  precipitation  before 
adding  the  Drying  Factor.     When  snow  occurs,    correct  the 
Buildup  Index  according  to  table  4,   figure  9. 

8.  Note  also,   that  on  the  sixth  day  the  precipitation  during  the 
previous  24  hours  was  10  hundredths  (0.10)  inch.     No  correc- 

tion of  the  Buildup  Index  is  made  unless  precipitation  exceeds 
this  amount. 
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9.     When  snow  or  ice  blankets  the  fuels  at  observation  time,  the 
Spread  Index  is  automatically  zero.     Therefore,   temperatures 
need  not  be  measured  unless  wanted  for  another  purpose. 
Merely  record  the  letter  S  in  the  Fine  Fuel  Moisture  column. 
On  such  days  the  Drying  Factor  is  also  zero. 

10.  Because  the  Buildup  Index  is  cumulative,   a  Drying  Factor 

must  be  determined  for  all  snow-free  days.     If  a  reading  for 
one  day  is  unavoidably  missed,   estimate  a  Drying  Factor  for 
that  day.     A  convenient  rule  of  thumb  is  to  use  a  Drying  Factor 

of  2  on  rainless  days.     If  a  station  is  not  operated  for  an  ex- 
tended period,   compute  a  Buildup  Index  by  using  data  from  the 

nearest  operating  danger  station  or  U.  S.   Weather  Bureau 
station. 

11.  Only  one  Buildup  Index  is  computed  for  a  day  regardless  of 
how  many  measurements  are  made.     For  example,   assume 

that  measurements  are  made  at  9,    1,   and  5  o'clock  and  that 
the  1  o'clock  Buildup  Index  today  is  40.     It  will  be  the  same 
at  5  o'clock  today  and  9  o'clock  tomorrow.     Correct  for 
precipitation  as  needed,   and  add  the  Drying  Factor  only  at 

the  1  o'clock  reading. 

12.  These  described  sample  computations  of  Buildup  and  Spread 

Indexes  are  for  timbered  areas.     However,   in  some  protec- 
tion areas,   largely  in  the  West,   there  are  large  expanses  of 

primarily  fine  fuels  such  as  fast- drying  grasses.     For  such 
areas,   tables  4  and  5  need  not  be  used.     Entry  into  table  6 

is  made  directly  from  tables  1,    2,   or  3.     There  are  no  pro- 
tection districts  in  the  East  and  probably  few  in  the  South 

that  are  so  sparsely  timbered  that  the  Fine  Fuel  Spread 
Index  should  be  used. 
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Table  1.- -FINE  FXraiL  MOISTURE 
HERBACEOUS  STAGE 

. CURED Table  4.  —BUILDUP  INDEX  RECOVERY 

WET  BULB 

DRX 
BULB  TKUPERATUHE  (Degrees  F) 

>.^ 

DEPRESSION 100 
90 
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30 20 10 

(Degrees) 
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19 
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PERCE  ̂ ^•                                   1 
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30+ 
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30+ 
30+ 1 20 23 25 25 

25 

25 25 25 25 

25 

2 16 18 

20 
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3 12 

14 

15 
16 16 

17 
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17 

16 

12 

4 10 12 13 U 15 15 15 15 

13 

10 

5 9 11 12 12 

13 13 

13 12 10 8 

6 8 9.5 11 11 

12 12 

12 11 9 

7 7.5 9 
9.5 

10 10 10 

10 
9.5 7.5 

8 7 8.5 9 9.5 9.5 9.5 
9.5 

8.5 

di 
6.5 
6 

8 
7.5 

8.5 
8 

9 
8.5 

9 
8.5 

9 9 
8 

7.5 
6 

(£d 

11-12 5.5 6 7 7 7.5 7.5 6.5 6 

13-U 5 5.5 6 6 6 6 4 

15-16 
4.5 5 5.5 5.5 5.5 5 4 

17-18 4 4.5 5 5 5 3 

19-20 4 4 4.5 
4.5 

4 2 

21-22 3.5 4 4 4 3 

23.2A 

25-26 

3.5 
3 

3.5 

3 
3.5 
3 

3 

2.5 

2 
2 

27-28 3 3 2.5 1.5 Fine  Fuel         Drying 

29-30 
2.5 2.5 2 1.5 

' 
L6.0  or  more         0 

31-32 2.5 2.5 
1.5 

10.0  -   15.9            1 
33-34 2 2 1 7.0  -     9.9            2 

35-36 2 1.5 1 5.0   -     6.9            3 

37-38 1.5 1 4.0   -     4.9            4 
39-40 1 1 3.0   -      3.9            5 

41+ 1 1 2.9  or  less         7 

Table  2.  —FINE  FUEL  MOISTURE  -  TRANSITION 
HERBACEOUS  STAGE 

WET  BULB 
DRI  BULB  THMPERATURE (Degrees  F) 

DEPRESSION 100 90 80 

^70 

60 

50 40 
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20 

10 
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19 

0 
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30+ 
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25 
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30 
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25 
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3 17 19 

20 21 21 

22 

22 

22 

21 

17 

4 15 
17 
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5 14 
16 17 17 

18 18 18 

17 
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6 
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15 

16 

16 17 

17 

17 
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7 13 
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15 

15 
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13 

8 
12 
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9 
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14 
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14 

14 

13 
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13 

14 
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13 
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11 

13-14 
10 

11 11 11 

11 11 

9 
15-16 9.5 10 11 11 11 10 9 

17-18 9 9.5 10 

10 10 

8 
19-20 9 9 9.5 9.5 9 7 

21-22 8.5 9 9 9 8 

23-24 
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8.5 
8 

8.5 
8 

8.5 
8 

8 

7.5 

7 
7 

27-28 8 8 
7.5 

6.5 
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Fuel         Drying 

ture            Factor 

or  more         0 29-30 7.5 
7.5 

7 6.5 21.C 

31-32 7.5 7.5 6.5 15. C -  20.9            1 

33-34 7 7 6 
12.C -  14.9           2 

35-36 7 6.5 6 10. C 
9.C 

-  11.9            3 
-  9.9            4 37-38 6.5 6 
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8.C 

-      8.9            5 
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7.9 
or  less         7 
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0 
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10 
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18 

15 

12 9 6 3 2 0 
26-30 

26 
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21 
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32 

24 
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13 
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48 

37 

26 
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54 

40 

29 21 

15 9 4 2 0 
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76 

58 

43 
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16 9 4 2 
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64 

46 

33 

24 

17 9 5 3 
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54 

37 

27 
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11 6 4 
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23 
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Table  3.  --FINE  FUEL  MOISTURE  -  GREEN  HERBACEOUS  STAGl 

DRY  BULB  TEMPERATURE   (Degrees   F) 
WET  BULB 
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13.0   -   13.9 

5 

41+ 

11 

11 
12.9  or  less 

7 

Figure  9. --Spread  phase  tables--Wet- Bulb  Depression  (Form  5100-26) 
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Table  5.  --ADJUSTED  FUEL  MOISTURE 

FINE FUEL  MOISTURE   (Percent) 

BUILDUP 

2.5 

3.5 4.5 
5.5 

/T?^ 9.5 

12 15 

18 

21 

INDEX 1 1.5 2 

or 
or 

or 

to 

(   ̂°/ 
to to 

to 

to 

to 

26+ 
3 4 5 7 uy 

11 

14 17 

20 25 

PERCENT 

0 11 11 
12 12 

13 

14 

16 17 

19 

22 

24 

27 

30+ 30+ 

1-5 
10 

11 11 

12 13 

14 

15 

17 

19 21 

24 

27 

30 

30+ 
6-12 9.5 10 10 11 12 

13 

14 

16 

18 

20 23 26 

29 

30+ 13-19 8.5 9 9.5 

10 

11 12 13 15 17 

19 

22 

25 

28 

30+ 

20-29 7.5 8 8.5 
9 

10 

11 

12 

14 

16 

18 

21 

24 

27 30 

30-39 6.5 7 
7.5 

8 9 

10 

11 13 15 17 20 23 26 

29 

C^-i9) 5.5 6 
6.5 

7 8 9 10 

(^ 

14 

16 19 22 25 

28 

50-69 
-i.S 

5 5.5 6 7 8 9 

11 

13 15 18 

21 

24 
27 

70-89 3.5 A A. 5 5 6 7 8 

10 
12 

14 17 20 23 26 

90-99 3 3.5 A 4.5 5.5 6 7.5 9.5 11 14 

16 

19 23 

26 

100-l-i9 2 2.5 3 4 
A. 5 

5.5 7 8.5 10 13 16 18 

22 

25 

150-199 2 2.5 3 
3.5 

4 5 
6.5 

8 10 13 15 18 22 

25 

200-399 1.5 2 2.5 
3 4 5 6 8 

10 12 

15 

18 

21 

24 

400+ 1 1.5 2 3 3.5 
4.5 

6 7.5 9.5 

12 

15 17 21 

24 

Table  6. --SPREAD  INDEX 

FUEL WIND  SPEED   (MPH  20-foot 
Standard) 

ISTURE 

G ercent) 0-1 2 3 5 6 7 8 9 

10 

11-12 
13-15 16-19 20-24 

25-29 
30+ INDEX 

30+ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
29-30 1 1 1 1 1 1 1 1 1 1 1 2 3 4 5 6 
27-28 1 1 1 1 1 1 1 1 1 2 3 4 5 6 8 9 
25-26 1 1 1 1 2 2 2 3 3 4 6 7 8 9 11 

13 

23-24 1 2 3 3 4 4 5 6 7 7 8 10 11 13 15 17 
21-22 2 3 4 5 6 7 8 8 9 

10 

11 13 15 

17 

20 

22 

19-20 4 5 6 7 8 9 

10 

11 

12 

13 15 17 19 22 

25 

29 

17-18 6 8 9 
10 

11 12 

13 

14 

15 16 

18 

21 

24 

28 

32 

36 
15-16 8 10 11 

12 
14 15 

17 

18 19 20 

22 26 

30 

34 39 

44 

14 9 11 

12 

14 

16 18 20 21 22 

23 

26 

30 

34 

39 

44 51 
13 10 12 

14 J^ 18 20 

21 

23 

25 26 

28 

33 

37 

43 

48 

56 

OD 11 13 

15 
Ci2? 19 

21 23 

25 

27 

28 

31 36 

41 

47 

53 

62 

11 12 15 17 19 

21 

23 

25 27 

29 31 

34 

39 44 51 

58 

68 
10 13 16 18 20 22 

25 

27 

29 31 

33 

37 

42 

48 

56 63 73 

9.5 14 17 
19 21 

23 

26 28 

30 33 

35 

38 44 

50 58 66 76 

9 14 
17 

20 22 

24 

27 

29 

32 

34 36 

40 46 

52 

60 

68 79 
8.5 15 18 

21 23 25 28 

30 33 

36 

38 

42 

47 

54 

63 71 

83 

8 15 19 22 

24 
26 29 

31 

34 

37 39 

43 

49 

56 

65 74 86 
7.5 16 19 22 25 28 30 33 

35 

38 40 

45 

51 58 67 76 

89 

7 17 
20 23 

25 28 31 34 

37 

39 42 

46 

53 

60 69 79 93 
6.5 17 

21 24 
26 

29 

32 35 

38 

40 43 

48 

54 

62 

72 82 96 
6 18 22 25 27 

30 34 37 

39 

42 45 50 56 64 

74 

85 99 
5.5 18 22 25 28 

31 35 

38 41 44 

47 

51 58 

66 

77 88 100 
5 19 23 26 

29 
32 36 

39 

42 46 48 53 60 69 79 91 100 

4.5 20 24 27 30 

33 37 

40 43 47 

50 

55 

62 

71 82 94 

100 

4 21 24 28 31 

34 38 

41 

45 

48 

51 

57 

64 73 

84 

97 

100 
3.5 21 25 

29 32 
35 39 42 

46 

49 

53 

58 66 

75 87 

100 

100 

3 22 
26 

30 
33 

36 

40 

43 

47 

50 

54 60 68 

77 89 

100 

100 
2.5 23 27 31 34 

38 

42 

45 

49 52 56 62 70 80 

92 

100 100 

2 24 28 32 35 39 43 46 50 

54 

58 

64 

72 82 94 100 100 
1.5 24 28 32 36 40 

44 

48 52 

56 

60 

65 

74 84 97 

100 

100 
1 25 29 33 

37 
41 

45 

49 53 

57 

61 

67 

76 86 100 

100 

100 

Figure  9. --Spread  phase  tables--Wet-Bulb  Depression  (Form  5100-26),   continued. 
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An  optional  method  of  computing  Fine  Fuel  Moisture  is  to  substitute 

Relative  Humidity  in  place  of  Wet-Bulb  Depression  (see  fig.    11).       This 
additional  method  is  included  for  the  convenience  of  agencies  that  consider 

Relative  Humidity  to  be  a  more  meaningful  term  than  Wet-Bulb  Depression. 
This  is  true  in  regions  where  Relative  Humidity  by  long  custom  has  been  an 
element  in  systems  of  measuring  fire  danger. 

Whichever  method  is  used,   the  end  result  is  approximately  the  same. 
However,   there  is  some  disadvantage  in  using  Relative  Humidity  because  an 

extra  step  in  procedure  is  required.    Its  value  must  be  found  by  entering  wet- 
and  dry-bulb  temperatures  in  psychrometric  tables   calculated  for  ranges  in 
barometric  pressure.    For  example,  from  sea  level  to  elevations  of  about  500 

feet,   a  30-inch  pressure  table  gives  the  most  accurate  values.     At  elevations 
ranging  from   about  1,900  to  3,600  feet,   a  27-inch  pressure  table   should  be 
used.     Agencies  that  employ  observers  unaccustomed  to  the  use  of  psychro- 

metric tables  may  find  this  extra  step  an  additional  source  of  error.    Proper 

tables  for  pressure  ranges  can  be  obtained  from  fire- weather  forecasters. 

At  elevations  up  to  about   3,000  feet  the  values   based  on  Wet-Bulb 
Depression,   because  each  degree  of  depression  is  identified,   are  somewhat 
more  accurate  than  the  ranges  of  values  used  in  the  Relative  Humidity  tables. 

WB  Form  612-17  revised  January  1,  1964  (fig,  12)  is  the  standard  form 
for  all  National  Forests  where  the  National  Fire  Danger  Rating  System  is  used. 
The  form  was  devised  jointly  by  the  U.  S.  Forest  Service  and  the  U.  S.  Weather 
Bureau  to  meet  the  needs  of  the  two  agencies.     Many  stations  regularly  report 
certain  information  in  addition  to  fire  danger  elements  to  the  Weather  Bureau 

for  use  in  making  fire- weather  forecasts  and  other  purposes. 

As  will  be  seen,   the  form  includes  a  number  of  items  not  needed  to  cal- 
ciilate  the  Spread  or  Buildup  Indexes.     Also,   it  has  space  for  only  one  reading 

a  day  for  a  10- day  period.     A  number  of  columns  have  been  left  blank  in  which 
the  predicted  fire   danger  and  other  items   can  be   entered.     This   provides  a 
convenient  means  of  comparing  predicted  with  actual  fire  danger,  which  should 
be  useful  to  forecasters  in  identifying  localized  areas  that  for  one  reason  or 
another  have  aberrant  weather. 

For  later  analytical  and  statistical  purposes  it  would  be  desirable  if  all 
fire  control  agencies  in  the  East  and  South  used  the  Standard  Form.  Pads  of 
forms,   with  instructions,   can  be  obtained  from  fire-weather  forecasters. 
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Table  1.— FINK  FUEL  MOISTURE  -  CURED  HERBACEOUS  STAGE Table  4." BUILDUP  INDEX  RECOVERY 

REUkTTVE 

DRY  BULB  TEMPERATURE  (Degrees  F)                                  1 

HUMIDITY 100 90 

80 

70 60 50 40 30 20 10 

(Percent) 

to 

to to to 

to 

to 

to to to to 
109 99 89 79 

69 59 49 

39 

29 19 100 

PERCENT                                                       J 

30* 

30+ 
30+ 30t 

30* 

30* 

30+ 

30+ 

30+ 

30+ 

95-99 

20 

23 

25 

25 25 25 

30+ 30+ 30+ 30+ 

90-94 M 

16 

18 19 20 22 25 25 

25 30+ 
85-89 10 13 15 16 

18 

19 

21 
23 

25 25 

80-84 9 10 

12 

14 

15 

17 18 

21 

23 

25 

75-79 8 9.5 11 12 U 15 17 19 

21 

23 
70-74 7 8.5 

9.5 
11 12 U 

15 

17 19 22 

65.69 6 7.5 8.5 
9.5 

11 U 

14 

16 

18 

21 

60-64 5.5 
6.5 8 9 10 11 13 

W. 

16 

20 

55-59 5 6 7 8 9 10 12 U 

15 

IB 

50-54 4.5 5 6.5 7.5 8.5 

9.5 
10 12 14 16 

45-49 4 5 6 7 8 9 9.5 U U 15 

40 -4^; 3.5 4.5 5 6 7.5 8.5 9 10 12 U 

35-39 3.5 4 5 5.5 
6.5 

7.5 8.5 

9.5 

10 U 

30-34 3 3.5 4.5 5 6 7 8 9 9.5 12 

25-29 3 3 4 4.5 5.5 

6.5 

7.5 8.5 9 10 

20-24 2.5 
3 3.5 4 5 5.5 6.5 7.5 8.5 

9.5 

15-19 2 2.5 3 3.5 
4.5 

5 6 7 8 9 

10-14 2 2 
2.5 

3 4 4.5 5 6 7 8.5 

5-9 

1.5 1.5 
2 2.5 3 3.5 4 5 6 7.5 

0-i. 
1 1 1 1.5 2 

2.5 

' 4 5 6 

rlne  Fuel 

Drying 

Itolsture FMtor 

16.0  or  aorv 0 

Drying  Factors 

for 
10.0  to  13.9 

Coaputlng  Built 

Jup 

7.0  to     9.9 

lolei 5.0  to     6.9 

4.0  to     4.9 
3.0  to     3.9 

2.9  or  l«as 

BUILDUP 

INDEX 
YESTERDAY 

TOTAL  24-HOUH  PRSCIPIIATION  (Inches) 

0.11 

to 0.20 

0.21 

to 0.30 

0.31 

to 
0.50 

0.51 

to 
0.70 

0.71 

to 
0.90 

0.91 

to 1.20 

1.21 

to 1.80 

1.81 

to 

2.20 

2.21 to 

2.80 

2.81 or 
■ore 

0 
1-2 

3-5 

6-9 

10-15 

CORRECTED  BUIIDUP  INDEX 

0 
1 
3 
6 

10 

0 
1 
3 
6 

10 

0 
1 
3 
5 
8 

0 
1 
2 

6 

2 
3 
5 

0 
0 
1 
2 
4 

0 
0 
0 
1 
2 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

16-20 
21-25 
26-30 

31-35 

16 

21 

26 

31 

35 

U 
18 
22 

26 

30 

12 
15 
18 

21 

23 

9 

12 

U 
16 
18 

7 
9 

U) 

12 
U 

5 
6 
3 
9 

10 

3 
3 
4 
5 
5 

0 
0 
0 
0 
0 

41-i5 
46-50 
51-60 

61-70 
71-80 

40 

44 

50 
58 

57 

34 

37 

42 
48 

54 
26 
29 

32 
37 

40 

20 

22 
24 

26 

29 

13 
16 

18 

19 
21 

U 

12 
13 

U 
15 

6 
6 
7 
8 
9 

2 
2 
2 
2 
2 

0 
0 
0 
0 
0 

81-90 
91-100 
101-120 
121-150 
lil-200 

76 

80 

92 

106 

126 

58 

64 
69 
76 
86 

43 

46 
50 

54 

58 
31 
33 
35 

37 

39 

23 

24 

25 

27 

28 

16 

17 

IS 
19 

20 

9 
9 

10 
10 
u 

2 
3 
3 
3 
3 

201-250 

251-300 301-UX 

401+ 

UO 
155 
185 

230 

95 

105 

115 

U5 

65 
70 

75 

ao 

42 

45 
48 

50 

29 

30 

32 

35 

21 
22 
23 
2i 

u 

12 

12 
U 

4 
4 
4 
4 

Table  2. --FINE  FUEL  MOICTURE  -  TRANaTKW  HERBACEOUS  STAGE Table  3.  --FINE  FUEL  MOISTURE  -  GREEN  HERBACEOUS  STAGE 

RELATIVE 

HOUIDITY 

(Percent) 

DRY  BULB  TOffERAlURE  (Decrees  F) 

100 
to 

109 

90 
to 
99 

80 
to 

89 

70 
to 
79 

50 

to 

69 
50 

to 
59 

40 

to 

49 

X 

to 
39 

20 

to 

29 

10 
to 

19 100 
95-99 
90-94 

PERCENT                                                              1 

30+ 
25 19 30+ 

28 

21 

30+ 30 

23 

30+ 
30 

24 

30+ 

30 
25 

30+ 

30 

27 

30+ 
30+ 

30 

30+ 
30+ 

30 
30+ 
30+ 

30 30+ 

30+ 
30+ 85-89 

80-84 

15 

U 

18 

15 
20 
17 

21 
19 

23 
20 24 

22 
25 
23 

28 

26 
30 
28 

30 

30 

75-79 
70-74 

13 

12 

15 
U 

16 
15 

17 
16 

19 
17 

20 
19 

22 
20 24 

22 
25 

24 
28 
27 

65-69 
60-64 

11 
11 

13 
12 

U 
13 

15 
U 

15 
15 

18 
15 

19 
18 

21 

19 
23 
21 

26 

25 

55-59 
50-54 

10 9.5 11 
10 

12 
12 

13 

13 
U 15 

15 
17 
15 

18 
17 

20 

19 
23 

21 

45-49 
40-44 

9 

8.5 10 
9.5 

11 

10 

12 

11 
13 
U 

lA 

14 

15 
U 

16 

15 
18 
17 

20 

19 

35-39 
30-34 

8.5 
8 

9 
8.5 

10 9.5 11 
10 

12 
11 

13 

12 

14 
U 

15 
U 

15 

15 

18 
17 

25-29 
20-24 

8 7.5 8 
8 

9 
8.5 

9.5 
9 

11 

JO 
12 
11 

13 
12 13 

lA 15 
15 

15-19 
10-14 

7 
7 

7.5 

7 
8 

7.5 
8.5 
3 

9.5 

9 
10 
9.5 

11 
10 

12 
11 

12 

14 
14 

5-9 

0.4 

6.5 
6 

6.5 
6 

7 
6 

7.5 5.5 8 
7 

8.5 7.5 9 
8 

10 

9 

11 

10 
13 
11 

Fine  Fuel                             Drying 
Moisture                                  Factor 

Dr 
Ca 

ylng  f Bputlnj 

Jei 

actors 

e  Bull 

for 

dup 

21.0  or  more                             0 
15.0   to  20.9                             1 
12.0  to  U.9                             2 
10.0  to   11.9                             3 
9.0  to     9.9                             4 
8.0  to     8.9                             5 
7.9  or  less                           7 

DRY BULB  IBIPQUIURE  (Degrees  F) 

RELATIVE 
HUIODITY 100 90 

80 7P 

60 

50 40 

30 

20 
ID 

(Percent) to to to to to to to to to to 
109 99 89 79 

69 

59 49 

39 29 
19 

100 

PniCENT 

30+ 30+ 30+ 30+ 30* 30+ 30+ 30+ 

30+ 

30+ 

95-99 

30 30+ 30+ 30+ 

30+ 

3&+ 30+ 30+ 

30+ 30+ 

90-94 

24 26 

28 

29 

30 

30+ 30+ 

30+ 

30+ 

30+ 

85-89 
20 

?■) 

25 

26 28 

29 

30+ 

30+ 30+ 30+ 

80-84 19 

20 

22 

24 25 27 

28 

30+ 

30+ 

30+ 
75-79 

18 

20 21 

22 

''A 

25 27 

29 

30+ 30+ 

70-74 
17 

19 

20 

21 

2^ 

24 

25 
27 

29 

30+ 

65-69 

16 IS 19 

20 

21 23 

24 26 28 30+ 

60-64 

16 

17 

18 

19 

20 21 23 

24 26 
30 

55-59 

15 

16 17 18 19 

20 

22 23 

25 
28 

50-54 13 15 17 18 19 

20 20 

22 

24 

26 

45-49 14 13 16 17 18 

19 20 21 

23 25 

40-44 U 

13 15 

16 18 19 19 

20 

22 

24 

35-39 

U 14 13 16 

17 

18 

19 

20 20 23 

30-34 

13 

U 15 15 16 17 IB 

19 20 

22 

25-29 
13 

13 

14 15 16 17 

18 

19 19 20 

20-24 
13 13 U 14 13 16 

17 

IB 

19 

20 

15-19 
12 

13 13 

14 

13 

15 16 17 IB 19 

10-lA 12 12 

13 

13 U 

15 

15 16 

17 

19 

5-9 

12 

12 

12 

U U U U 15 16 18 

0-4 " 11 11 

12 

12 

13 

13 U 13 16 

Fine  Fuel 

Drying 

Kolsture 
Factor 

26.0  or  no 
re 0 

Drying  f 
actors for 

20.0  -  25. 
1 

Cooputii] 

«  Bull 

dup 

17.0  -  19. 2 
Index 15.0  -   16. 

lA.O  -  14. 

13.0  -  13. 

12.9  or  le 
9S 

3 
4 
5 
7 

Figure  11. --Spread  phase  tables- -Relative  Humidity  (Form  5100-24). 
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Table  5. --ADJUSTED  FUEL  MOISTURE 

BUILDUP 

FIKE FUEL  MOISTURE  (Percent) 

2.5 
3.5 

4.5 5.5 7.5 

9.5 

L2 15 18 

21 

IHDEX 1 1.5 2 or or or to to to to 

to 

to to 

26+ 

3 4 5 7 9 11 

14 

17 20 

25 
0 

PERCENT                                                                                                                                 J 

11 11 

12 

12 13 

14 

16 17 19 22 

24 

27 

3CH 

30+ 
1-5 10 11 11 

12 
13 

14 

15 17 19 

21 

24 

27 

30 

30+ 
6-12 9.5 10 

10 

11 

12 

13 

14 

16 18 20 

23 

26 29 

30+ 13-19 8.5 9 9.5 

10 

11 

12 

13 15 17 19 

22 25 

28 

30+ 
20-P9 7.5 8 8.5 9 

10 

11 

12 

14 16 18 

21 

24 

27 

30 

30-39 6.5 
7 7.5 8 9 10 11 13 15 

17 
20 

23 26 29 

40-^9 5.5 6 6.5 7 8 9 10 

12 

14 

16 

19 

22 

25 28 

50-69 
4.5 5 5.5 6 7 8 9 

11 

13 15 18 

21 
24 

27 

70-89 3.5 
4 

4.5 
5 6 7 8 10 

12 

14 17 

20 23 

26 

■90-99 3 
3.5 

4 
4.5 5.5 

6 

7.5 

9.5 11 

14 

16 19 23 

26 

100 -U9 2 

2.5 

3 4 4.5 5.5 7 

8.5 

10 

13 

16 18 

22 
25 

150-199 2 
2.5 

3 
3.5 

4 5 6.5 8 

10 

13 15 

18 

22 

25 

200-399 1.5 2 
2.5 

3 4 5 6 8 

10 12 

15 18 

21 

24 

400+ 1 1.5 2 3 3.5 
4.5 

6 7.5 9.5 

12 

15 

17 21 

24 
Table  6.  —SPREAD  INDEX 

FUEL 

MOISTURE 

WIND  SPEED   (MPH 20 -foot Standard) 

( Percent ) 0-1 2 3 4 5 6 7 8 9 10 
11-12 

13-15 
16-19 20-24 25-29 

30+ 

INDEX 
30+ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

29-30 1 1 1 1 1 1 1 1 1 1 1 2 3 4 5 6 

27-28 1 1 1 1 1 1 1 1 1 2 3 4 5 6 a 9 

25-26 1 1 1 1 2 2 2 3 3 4 6 7 8 9 11 13 

23-24 1 2 3 3 4 4 5 6 7 7 8 

10 11 
13 

15 

17 

21-22 2 3 4 5 6 7 8 8 9 10 

11 

13 

15 

17 20 22 

19-20 4 5 6 7 8 9 10 11 12 13 15 

17 

19 22 

25 29 

17-18 6 8 9 

10 

11 12 13 

14 

15 16 18 

21 

24 

28 

32 

36 

15-16 8 
10 

11 

12 

14 

15 

17 

18 19 20 22 

26 

30 

34 

39 44 

14 9 11 

12 

14 

16 

18 

20 21 22 
23 26 

30 

34 

39 

44 

51 
U 10 12 

14 

16 

18 20 

21 
23 25 

26 

28 

33 37 

43 48 

56 
12 11 13 

15 17 

19 

21 

23 25 

27 28 

31 36 

41 47 
53 62 

11 
12 

15 17 19 

21 

23 25 

27 

29 

31 
34 39 

44 

51 58 68 
10 13 16 18 20 22 25 

27 

29 

31 

33 37 

42 
48 

56 

63 73 

9.5 
14 17 19 

21 

23 

26 28 30 33 35 38 

44 

50 

58 66 76 
9 

14 
17 20 22 

24 27 29 

32 

34 

36 

40 

46 

52 
60 

68 79 
8.5 15 

18 

21 

23 25 

28 

30 33 

36 

38 

42 

47 

54 63 71 83 
8 15 

19 

22 

24 26 29 31 
34 37 

39 

43 

49 

56 

65 

74 

86 
7.5 16 19 22 25 28 

30 33 

35 38 40 

45 

51 58 

67 

76 89 

7 17 20 23 25 28 

31 

34 

37 

39 42 

46 

53 

60 69 
79 

93 
6.5 

17 
21 24 26 

29 

32 35 

38 40 

43 

48 

54 62 

72 

82 96 
6 18 22 25 

27 

30 

34 37 39 

42 

45 50 56 

64 

74 85 99 
5.5 18 22 25 28 31 

35 38 

41 

44 

47 51 

58 

66 

77 

88 

100 

5 
  1 

19 23 26 29 32 36 39 

42 

46 

48 

53 60 69 79 91 

100 

4.5 20 

24 
27 

30 

33 

37 40 43 

47 

50 55 62 71 82 

94 

100 
4 21 24 

28 31 

34 

38 

41 

45 
48 

51 57 64 

73 84 

97 100 
3.5 

21 
25 

29 

32 35 39 42 

46 

49 

53 58 66 75 87 100 

100 

3 22 26 30 

33 

36 

40 

43 

47 50 

54 

60 68 77 89 100 100 
2.5 23 

27 

31 

34 

38 42 45 

49 52 

56 

62 70 80 

92 

100 

100 

2 24 28 

32 

35 39 43 

46 

50 

54 53 64 

72 82 94 100 100 
1.5 

24 
28 32 

36 40 

44 

48 

52 

56 

60 

65 

74 84 97 

100 100 

1 25 29 33 37 

41 

45 

49 

53 57 

61 67 76 

86 

100 100 100 

Figure  11. --Spread  phase  tables- -Relative  Humidity  (Form  5100-24),   continued. 
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Partial  List  Of  Suppliers 

The  following  list  is  prepared  solely  for  the  convenience  of  those  inter- 
ested in  operating  fire  danger  stations.     It  does  not  constitute  an  endorsement 

of  products  by  the  U.  S.   Forest  Service  or  the  Department  of  Agriculture  to 
the  exclusion  of  other  equally  acceptable  products. 

MODEL  SUPPLIER 

Rain  Gages 

U.  S.   Forest  Service  Standard  Weather  Gage  Company 

type  gage  218  N.  W.   Flanders  Street 
Portland  9,  Oregon 

"  "  Western  Fire  Equipment  Company 
69  Main  Street 

San  Francisco  5,   California 

Plastic  Measuring  Stick 

U.  S.  Forest  Service  Standard  Weather  Gage  Company 
type  gage  218  N.  W.  Flanders  Street 

Portland  9,   Oregon 

Anemometers 

Small  Airways  Belfort  Instrument  Company 
4  North  Central  Avenue 

Baltimore  2,   Maryland 

"  "  Science  Associates,  Inc. 
194  Nassau  Street 

Princeton,  New  Jersey 

Stewart  M.  C.  Stewart 

Ashburnham,   Massachusetts 

"  Forestry  Suppliers,   Inc. 
Box  8397 
Jackson  4,   Mississippi 

Forester  Western  Fire  Equipment  Company 
69  Main  Street 

San  Francisco  5,   California 
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MODEL  SUPPLIER 

Psychrometers 

Mortarboard  type  Swab  Wagon  Company,   Inc. 
Elizabethville,   Pennsylvania 

"  "  Advanced  Metal  and  Welding  Co. 
748  10th  Street 
Atlanta  9,   Georgia 

"  "  Specifications  available  from 
Southern  Forest  Fire  Laboratory 
Southeastern  Forest  Experiment 

Station 
P.  O.   Box  1421 
Macon,   Georgia 

Thermometers 

W.   H.   Curtin  Company 
P.  O.   Box  118 

Houston,   Texas 

Available  to  cooperators  from 
Southern  Forest  Fire  Laboratory 
Southeastern  Forest  Experiment  Station 
P.  O.  Box  1421 
Macon,   Georgia 

Thermometer  Wicking 

Available  to  cooperators  from 
Southern  Forest  Fire  Laboratory 
Southeastern  Forest  Experiment  Station 
P.  O.   Box  1421 
Macon,   Georgia 
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APPENDIX 

ANEMOMETER  MAINTENANCE 

Small  Airways 

1 .  Remove  the  nut  from  the  top  of  the  cup  assembly  and 
remove  cups  and  skirt. 

2.  Remove  inspection  plate  from  side  of  anemometer. 

3.  Loosen  setscrew  just  above  plate  cover. 

4.  Slide  shaft  out  of  anemometer  by  lifting  from  the  top. 

5.  Wash  shaft  in  kerosene.     Use  deep  container  and  plunge 
up  and  down.     Allow  excess  kerosene  to  drain. 

6.  Replace  the  shaft  by  inserting  into  the  housing  from  the 
top.     Tighten  setscrew  above  plate  cover. 

7.  Oil  with  light  oil  after  assembling.     Place  two  drops  on 
the  gear  part  of  the  shaft,   two  drops  on  the  bearing  at  the 
top  of  the  shaft,   and  two  drops  on  bearing  at  bottom  of  shaft. 

8.  Check  each  of  the  5  contact  pins  to  be  sure  that  they  close 
the  contact  points  properly. 

9.  Replace  inspection  plate.     Slip  on  washer  at  top  of  shaft  with 
the  beveled  side  face  down.     Replace  skirt  and  cups  so  as  to 
revolve  clockwise.     Replace  nut  securing  the  rotor,   and  the 
assembly  is  complete. 

When  in  use,   check  the  need  for  oil  monthly.     Loosen  setscrew  above 
inspection  plate.     Raise  cup  assembly  and   spindle.     If  oil  is  needed,   place 
one  to  two  drops  on  top  bearing,   one  to  two   drops  on  the  gear,   and  one  to 
two  drops  on  the  bottom  of  the  spindle. 
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Stewart- -Models  Prior  to  1959 

It  is  extremely  important  that  the  small  socket  in  which  the  spindle  of 
the  instrument  rests  be   not  disturbed  or  removed  from  the  housing  in  the 

cleaning  process. 

1.  Remove  small  setscrew  from  side  of  cup  assembly.  Do  not 
unscrew  bolt  in  end.  Remove  cup  assembly  by  sliding  it  off 
main  shaft. 

2.  Remove  inspection  plate  by  loosening  the  two  holding  screws. 

3.  To  remove  spindle,   unscrew  bushing  shaft  from  cast- alloy 
housing  and  slide  over  spindle. 

4.  Now  carefully  remove  the  spindle.     It  may  be  necessary  to 
move  it  from  one  side  or  the  other  before  it  will  slide  out. 

Never  turn  cast  housing  upside  down.     Always  keep  in  a 
standing  position  while  cleaning.     If  it  is  turned  upside  down, 
the  four  small  ball  bearings  will  fall  out. 

5.  Do  not  remove  pinion  gear  or  loosen  the  brass  bearing  blocks 
at  the  shaft  ends,   because  tiny  ball  bearings  will  fall  out. 
They  are  extremely  difficult  to  replace. 

6.  Clean  the  shaft  bushing  and  the  spindle  with  kerosene. 

7 .  Drop  some  anemometer  oil  on  each  end  of  the  spindle,   inside 
the  top  of  the  bushing  shaft,   and  on  the  worm  gear. 

8.  Slide  spindle  into  place  in  housing  and  replace  bushing  shaft. 

9.  Replace  cup  assembly  and  small  setscrew;  also  replace  the 
inspection  plate,   being  sure  the  gasket  is  weatherproof.    The 
anemometer  is  then  ready  for  use. 

When  in  use,    check  the  need  for  oil  monthly.     Remove  the  inspection 
plate  for  observation.     If  oil  is  needed,   place  one  to  two  drops  on  the  top  and 
one  to  two  drops  on  the  bottom  of  the  spindle.     Some  models  provide  a  screw 
on  top  of  the  rotor  which,   when  removed,    exposes  an  oil  duct  serving  the  top 
end  of  the  spindle.     In  the  other  models,   the  cup  assembly  must  be  removed 
and  the  oil  placed  on  the  spindle  above  the  top  bearing. 
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Stewart  Aluminum  Cup 

Late  model  Stewart  anemometers  have  Teflon  bearings  of  low  friction 

characteristics.    According  to  manufacturers'  instructions,  maintenance  is  re- 
quired only  every  2  years  unless  the  electrical  contact  points  need  adjustment. 

1.  To  lubricate,   remove  cup  wheel  from  spindle  and  with  a  clean 
soft  cloth  wipe  off  top  of  spindle,   the  spindle  sleeve,   and  the  in- 

side of  the  wheel  hub,   and  oil  lightly  with  silicone  fluid  lubricant. 

2.  Remove  the  cover  plate  on  the  housing  and  with  a  medicine  dropper 
put   several  drops   of   silicone  fluid  directly  on  the   spindle  just 
above  the  top  bearing  and  just  above  the  lower  bearing. 

3.  Rotate  the  spindle  clockwise  several  times  with  fingers  to  flush 
the  fluid  into  the  bearings. 

4.  If  silicone  fluid  is  not  available,   use  anemometer  oil,   typewriter 
oil,   sewing  machine  oil,   or  watch  or  clock  oil. 

5.  Put  a  small  dab  of  silicone  grease  or  vaseline  on  the  gear  pinion 
where  the  ground  strap  bears  against  it. 

6.  Do  not  remove  the  nylon  pinion  gear  or  loosen  the  brass  bearing 
blocks  at  the  shaft  ends  because  tiny  ball  bearings  will  fall  out. 
They  are  extremely  difficult  to  replace. 

In  normal  operation,   the  revolving  contact  screw  on  the  gear  wipes 
gently  across  the  contact  leaf  spring  in  such  a  way  that  the  deflection  of  the 

^pring  is  from  ji  to  [^  inch.    If  adjustment  is  necessary,   turn  the  screw  hold- 
ing the  leaf  spring  very  slightly  in  or  out.     Too  much  pressure  will  cause 

excessive  wear  and  the  spindle  will  stick  in  light  winds.     Too  little  pressure 
^ill  result  in  erratic  action  of  the  indicator. 

Chisholm-- Model  2B3C 

1.  Disconnect  wires  and  remove  anemometer  from  mount. 

2.  Take  off  cap  nut  on  top  and  remove  cup  assembly. 

3.  From  the  bottom  of  the  anemometer  remove  the  small  bolt 
that  goes  through  the  main  shaft.     Negative  contact  wire  is  also 
attached  to  this  screw  when  the  anemometer  is  in  use. 

4.  Remove  electrical  contact  unit  by  sliding  it  carefully  down 
over  the  end  of  the  main  shaft. 

I  5.     Remove  small  screw  from  revolving  cylinder  near  the  top. 
By  turning  the  cylinder  head  to  the  left  with  one  hand  and 
holding  the  revolving  cylinder  with  the  other,   the  two  pieces 
are  separated.     Remove  the  main  shaft  from  the  cylinder  head. 
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6.  Now  wash  all  parts  with  kerosene  except  the  electrical  contact 

unit.     Wash  by  plunging  the  parts  up  and  down  in  a  deep  container. 
After  washing,   allow  excess  kerosene  to  drain  from  the  parts. 

7.  Place  about  two  drops  of  light  oil  aroiond  top  of  the  two  roller 
bearings  attached  to  the  shaft.     Also  add  about  two  drops  around 
the  worm  gear  on  the  inside  of  the  revolving  cylinder  near  the 
top. 

8.  Check  the  contact  mechanism  before  reassembling  the  anemom- 
eter.    Slip  the  entire  electrical  contact  unit  on  shaft  and  tem- 

porarily fasten  it  in  place.     Then  manually  turn  the  sprocket 
gear  and  observe  whether  the  striking  pin  causes  the  bronze 
fingers  to  alternately  make  and  break  contact  at  silver  contacts. 
The  electrical  circuit  can  be  further  checked  by  temporarily 
connecting  the  wires  to  the  indicator  circuit.     The  electrical 
contact  unit  will  have  to  be  removed  from  the  shaft  before  re- 

assembling the  anemometer. 

9.  Assemble  anemometer.     Place  cylinder  head  on  top  of  roller 
bearings.     Put  revolving  cylinder  up  over  shaft  onto  the  cylinder 
head.     Turn  it  to  the  right  until  the  holes  match.     Replace  small 
screw.     Looking  in  the  anemometer  from  the  bottom,   rotate  the 
revolving  cylinder  until  the  small  pin  on  the  gear  wheel  is  face 
up  and  in  line  with  the  shaft.     Hold  at  this  point.     Now  replace 
electrical  contact  iinit  by  sliding  carefully  up  over  the  shaft 

into  the  revolving  cylinder.     When  holding  the  top  of  the  ane- 
mometer away  from  you,   the  contact  points  should  be  to  the 

left  of  the  main  shaft.     Replace  small  bolt  through  electrical 
unit  and  shaft.     Attach  cup  assembly  and  replace  cap  nut.     The 
anemometer  is  now  ready  to  be  remounted. 

The  anemometer  should  be  oiled  once  each  month  when  it  is  in  use.     To 

do  this  remove  the  cap  nut  on  top  of  the  cup  assembly  and  place  no  more  than 
three  drops  of  oil  in  the  hole  exposed  when  the  cap  nut  is  removed.     (On  older 
models  a  clamp   screw   or  bolt  was   used  to  fasten  the  cap  assembly  to  the 
cylinder  head. ) 

Forester- -Model  9X140 

1 .  Disconnect  both  electrical  connections  and  remove  anemometer 
from  mount. 

2.  Unscrew  the  cap  nut  on  top  of  rotor  assembly  and  remove  rotor 
assembly. 

3.  Remove  cylinder  shell  screw  on  side  of  cylinder. 

4.  With  twisting  movement,   remove  cylinder  head  and  stud. 
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5.  Unscrew  the  slotted  screw  at  top  of  main  shaft  which  seals  the 
oil  channel  to  the  lower  bearing.     (A  few  early  instruments  have 

a  "Truarc"  lockring  instead  of  a  screw  at  this  point. ) 

6.  Remove  main  shaft  through  bottom  of  cylinder  shell.  This  is 
facilitated  by  lightly  tapping  the  top  of  the  main  shaft. 

7 .  Do  not  attempt  to  clean  the  shielded  bearing  with  solvents  be- 
cause,  according  to  manufacturers'  instructions,   this  will  do 

more  harm  than  good.     Merely  lubricate  them  at  least  every 
3  months  with  special  anemometer  oil. 

8.  Place  two  drops  of  oil  on  shield  of  each  bearing,  two  drops  at 
top  of  internal  gear  inside  cylinder,  and  one  drop  on  sprocket 
gear  shaft. 

9.  Check  the  silver  contact  points  to  see  that  they  are  not  burned. 
If  necessary,   they  can  be  cleaned  with  a  fine  point  file  or  fine 
sandpaper.     If  burned  badly,   they  should  be  replaced.    Burned 
points  may  be  caused  by  too  strong  an  electrical  current. 

10.  Check  the  contact  mechanism  by  rotating  the  sprocket  gear 
and  observe  whether  the   striking  pin   causes  the   bronze 
fingers  to  make   and  break  contact.     Movement  of  inside 
contact  point  should  be  approximately   jj  to  ̂    inch.     Outer 

contact  point  should  deflect  approximately  g^^  inch.     The 
electrical  circuit  can  be  further  checked  by  temporarily 
connecting  the  wires  to  the  buzzer  or  counter  circuit. 

11.  Check  to  assure  that  the  screws  holding  contact  arms  are 

tight. 

12.  Insert  main  shaft  into  bottom  of  cylinder  shell  and  up  through 
the  two  bearings.     The  shaft  is  closely  fitted  to  the  bearings. 

13.  Install  the  oil  channel  screw  at  top  of  shaft  (or  Truarc  lockring). 

14.  With  a  twisting  motion,   push  on  the  cylinder  head.     Line  up  the 
hole  in  the  side  and  install  the  screw. 

15.  Install  the  balance  disc  being  careful  to  keep  the  side  marked 
"top"  on  top. 

16.  Install  the  rotor  assembly  and  cap  nut. 

17.  Before  replacing  anemometer  on  support,   check  its  operation 
by  connecting  wires  to  the   electrical  circuit  and  buzzer  or 
counter.     Rotate  cups  to  see  whether  proper  electrical  contact 
is  being  made. 
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BUZZER  MAINTENANCE 

Buzzer  failure   or  intermittent  operation  can  occur  for  a  nunnber  of 
reasons.     Check  possible   sources  of  trouble  in  the  following  order.     Check 
the  battery  strength  by  using  new   batteries  or  voltmeter.     Two  to  four  dry 
cells  are  usually  enough;   the  number  needed  depends  on  line  distance,   buzzer 
voltage,   and  battery  strength.     Too  much  current  will  burn  the  buzzer  con- 

tacts and  the  anemometer  points. 

In  the  next  step,    short  across  from  the  switch  to  buzzer.     If  the  buzzer 
does   not  work,   clean  the   contacts   with  a  thin  file  or  fine   emery  paper   and 
finish  by  drawing  a  piece  of  rough  paper  between  the  contacts  to  remove  dirt 
particles.     If  this  fails,   bend  the  vibrator  closer  to  the  magnet.     If  there  is 
still  no  response,    a  new  buzzer  may  be  needed. 

Next  check  the  circuit  by  shorting  across  the  terminals  at  the  lightning 
arrester  if  one  is  used.     Then  check  the   complete  wiring  circuit  by  shorting 
across   connections  at  the  anemometer.     If  the  buzzer  has   operated   during 
these  tests,   the  trouble  comes  from  a  faulty  anemometer. 











.  Forest  Seroice  Research  Paper  SE-14 
October     1964 

Stamper  Tract  Prescribed  Burn 

by 

D.  F,  TAYLOR  

AND  
G.  W.   WENDEL 

^iJ^0^ 

\'' X^ 

-»^^:.w^.    - 

**i*  * -'i^   .^' 

Southeastern  Forest  ̂ xperment  Station 
Asheoille,  North  CaroWm 

Forest  Seru/ce 

U.S.  Department  0/  Acjr/'culture 

l^^Hif- 





Stamper  Tract  Prescribed  Burn 
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Prescribed  burning  in  the  pocosin  area  represents  special  problems 
not  encountered  in  the  sandhills  or  coastal  plains  of  the  Southeast.     During 
the  past  few  years,  late  spring  and  summer  controlled  burning  has  become 
more  common  in  the  organic   soils   areas  of  eastern  North  Carolina.     In 
most   cases,    these  burns  have  been  in  mature  or  overmature   stands  of 
pond  pine  or  on  areas  where  the  pine  has  been  clear  cut.     In  general,    a 

high- intensity,    consuming  fire  is  desired  to   make   logging  easier   and  to 
open  the   serotinous   cones  or  to   make   easier    the   future  treatment  of  a 

clear-cut  area.      It  is  usually   accepted  by  forest  management  people  that 
fire  is  the  most  economical  means  of  reducing  the  large  quantity  of  under- 
story  brush   and  obtaining  pond  pine   regeneration  on  pocosin  areas. 

Past  experience,   documentation,    and  history  indicate  that  there  is 
only  a  narrow   range  of  weather  and  fuel  conditions  where   silvicultural 
objectives   and   controlled  fire  can  be  attained  in  a  given  pocosin.    A  cal- 

culated degree   of  brinkmanship  must  be   played,    for   at  one   end  of  the 
scale  the  fuel  is  too  wet  to  burn,   or  perhaps  it  only  burns  sporadically, 

destroying  the  fire-carrying  duff  yet  not  affecting  the  tons  of  understory, 
and  thus  making  harvest  and  regeneration  difficult.     At  the  other  end  of 
the  scale,    even  after  only  a  few   hours  of  drying  weather,    fires  have 
burned  with  such  intensity  that  control  and  containment  in  the  treatment 
area  have  been  impossible.     In  addition,  during  periods  of  lowered  water 
table,   which  occur  mainly  in  the  summer,   mopup  and  control  of  ground 
burning  areas  may  skyrocket  the  cost  of  the  burning  treatment. 

In  order  to  increase  the  knowledge  of  fire  behavior  in  pocosin  fuels, 
a  controlled  burn  on  the  Stamper  Tract,    owned  by  International   Paper 
Company,   in  lower  Carteret  County,   North  Carolina,    is  described  here. 
The  documentation  consisted  of  (1)  fuel   sampling  and  the   calculation  of 
quantities  of  ovendry  fuels  per  acre,  and  (2) observations  of  fire  behavior 

and  weather  and    photographic    coverage    including   time-lapse   motion 
pictures. 

Description  of  the  Area 

The  overstory  was  a  typical  mature   stand  of  pond  pine  having  an 
average  d.b.h.  of   11.0   inches.      Trees   averaged   50  feet  tall  and  were 
65   years   old.      Before  being  burned,    the   stand  had   70   percent   crown 
closure  and  a  volume  of  8  cords  or  800  merchantable  board  feet  per  acre. 



Figure  1 , 
■  Stamper  Tract  before  burning.     Dry  weight  of  ve

getation  and  litter 

averaged  13.12  tons  per  acre. 



The  understory  was  a  medium  dense  brush  ranging  in  height  from 
4.5  to  5.5  feet.     Swamp  cyrilla,  gallberry,  fetterbush,  redbay,  waxmyrtle, 
and  greenbrier  were  the  principal  understory  species.      The  aerial  portion 
of  the  brush,   including  pine  needle   drape,   averaged   6.57  tons  of  ovendry 
fuel  per  acre. 

Litter  varied  from  1.5  to  2.5  inches  deep  and  averaged  6.55  tons  of 
ovendry  material  per  acre.     The  total  average   fuel  weight,    exclusive  of 
overstory  pine  foliage,   was  13.12  tons  per  acre  (figures  1,    2,    and  3). 

The  organic  soil  layer  was  about  17  inches  deep  and  was  underlain 
by  a  fine    sand   somewhat   impervious  to  water.     Organic   matter  in  the 
soil  layer   ran  between  50  and  60  percent  of  the  ovendry  weight.     On  the 
day  sample  plots  were  taken  and  the  day  the  area  was  burned,   the  water 
table  was   4  inches  below  the  soil  surface.      A  summary  of  the  fuel  data 
is  given  in  table  1 . 
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Figure   2. --Litter    accumulation    on  a 
i-milacre  quadrat  (5,9  tons  per  acre). 

Figure  3. --Density  and  composition  of  fuels. 



Table  l.--Fuel  weights  prior  to  burning  on  the  Stamper  Tract  in  lower  Carteret  County,   North  Carolina 

Green weight Ovendry  weight Moisture  content Ovendry  weight 

Plot 

Vegetation Litter Vegetation Litter Vegetation Litter Vegetation Litter Total 

Lbs.  per 
milacre 

Lbs.  per 

J  milacre 

Lbs.  per 

milacre 

Lbs.   per 

1  milacre 

-  -  Perce 

nt  -  - 

-  -  Tons 

per  acre  -  - 
1 12.80 11.70 6.05 5.03 111.6 

132.6 
3.02 

5.03 
8.05 

2 45.30 18.00 25.93 7.40 74.7 143.2 
12.97 

7.40 
20.37 

3 27.40 13.20 13.30 5.90 
106.0 

123.7 6.65 5.90 
12.53 

4 21.90 19.30 10.30 8.01 112.6 
140.9 5.15 

8.01 
13.16 

5 21.30 11.30 11.14 5.31 
91.2 112.8 

5.57 5.31 
10.88 

6 24.10 14.60 12.14 7.66                    98.5 

Average  ovendry 

90.6 
weight 6.07 

7.66 

13.73 

6.57 
6.55 

13.12 

OBJECTIVES 

The  primary  purpose  of  this  burn  was  natural  regeneration,  which 
required   a  fire  hot   enough  to  open  the  pond  pine   cones.     Additional 
benefits  expected  were  opening  the  area  to  logging  through  the  removal 
of  most  of  the  understory,    fire  hazard   reduction  during  the   seedling 
years  of  the  new  stand,    and  improving  the  site  through  the  burning  of 
the  root  mass  in  preparation  to  receive  the  newly  fallen  seed.     Even  if 
the  seedling  catch  should  be  insufficient  for  full   stocking,   the  reduced 
understory  would  facilitate  supplementary  planting. 

Mortality  of  pond  pine  that  might  result   from  the   fire  was  not  a 
factor,    since  there  was   little    advance   reproduction  and  the  stand  was 
scheduled  to  be  clear  cut  following  the  fire. 

WEATHER  CONDITIONS 

On  May  4  and  5,    1959,    moderate  showers  occurred  over  the  area 
from  a  weak  cold  frontal  passage.      During  these  2  days   0.45  inch  was 
recorded  at  the  tract.     On  May  6,   the  day  of  the  fire,   the  eastern  third 
of  the  country  was  covered  by  a  weak  high  pressure  cell  centered  over 
New   England  extending   southward  through  the   Gulf  of  Mexico   (fig.  4). 
Temperatures  for  the  previous  5  days  were  classed  as  much  above  nor- 

mal (+9°).    The  wind  on  May  6  measured  on  Stamper  Road,  in  the  middle 
of  the  tract,   was  SSW  4  miles  per  hour  at  10:30  a.m.     Wind  increased  to 
6  miles  per  hour  at  noon  and  diminished  to  4  miles  per  hour  at  2:30  p.m. 
In  the  woods  no  air  movement  could  be  measured  with  the  Dwyer  hand 
wind  meter.      Relative  humidity,    dewpoint,    and  temperature  were  taken 
on  Stamper  Road  throughout  the  day  and  are  tabulated  in  table  2. 

Fire   danger  measurements   given  in  table  3  are   from  Newport 
Danger  Station  on  Croatan  National  Forest,    20  miles  to  the  west  of 
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Table  2. --Temperature,    dewpoint,   and  relative  humidity  measurements 
taken  on  Stamper  Road    May  6,  1959 

Time Wet  bulb 
Dry  bulb 

Dewpoint Relative  humidity 

-   -  -  Degrees  F.  — Percent 

10:25  a.m. 60 76 48 42 

11:30  a.m. 61 78 49 

37 12:35  p.m. 
63 

82 

50 

33 

1:45  p.  m. 61 79 48 34 

2:35  p.m. 66 85 

54 

36 

3:15  p.m. 65 79 

57 

46 

4:30  p.m. 66 

80 
58 

47 5:30  p.m. 66 76 61 59 

Table  3. --Fire  danger  measurements  taken  at  the  Newport  Danger  Station  on  May  6,    1959 

Time F\iel  moisture Wind  speed Build 

up  index 
Burning  index 

Percent Miles  per  hour 

10  a.m. 12.0 4  SSW 5 1 

2  p.m. 
7.0 9  SSW 9 5 

Stamper  Tract.     This  station  lies  along  the  Atlantic  Coast  in  much  the 
same  orientation  as  the  Stamper  Tract  and  is  believed  representative  of 
the  fire  danger  existing  on  the  Stamper  Tract. 

FIRING  PROCEDURE  FOR  BLOCK  I 

To  check  burning   and  fire  behavior,     a  small  area  of  about   four 
acres  was  first  fired  (Block  I,    fig.  5).      The  work  force  consisted  of  five 

men  and  a  D-6  tractor  and  plow  with  operator.      All  firing  of  the  woods 
lines  was  done  behind  the  tractor  as  it  plowed  the  line.     Firing  proceeded 

slowly  to  assure  that  no  spotting  or  slop-over  occurred   across  the  con- 
trol lines. 

At   11:20  a.m.  on  May  6,    1959,    line  AB  was  fired,    beginning  at 
point  A.  When  AB  had  been  fired,  line  BC  was  fired.  At  point  B,  a  small, 

high- intensity  fire  area  developed  and  the  fire  jumped  the  control  line  but 
was  immediately  plowed  out.     After  lines  AB  and   BC  had  burned  in  about 

40  feet,  line  AD  was  fired  and  continued  a  short  distance  along  DC.    Addi- 
tional firing  along  DC  was  not   necessary  since  the   fire   spread   rapidly 

toward  line  BC.     The  fire  moved  from  AD  to  BC,    a  distance  of  15  chains 
in  45  minutes  for  a  rate  of  spread  of  22  feet  per  minute.     No  difficulty 
was  experienced  in  keeping  the  fire  contained  when  it  reached  the  burned 
out  strip  along  line  BC.      Figure  6  shows  the  intensity  of  the  fire  moving 
through  Block  I. 



VJ^^ 

Southeastern  Forest  Experiment  Station 
P.   O.   Box  2570 

Asheville,    N.  C.     2  8802 

ERRATUM- -U.  S.  Forest  Service  Research  Paper  SE-14,    "Stamper 
Tract  Prescribed  Burn,"   by  D.  F.    Taylor   and  G.  W.  Wendel. 

Page  7,   figure  5,   for   1  inch  =  25  chains   please  read 

2  inches  =  25  chains. 

Figure  5. --Map  of  Stamper  Tract  showing  location  of  prescribed  burn. 



Figure  6,  --Fire  burning  in  Block  I. 



FIRING  PROCEDURE  FOR  BLOCK  II 

Firing  began  in  Block  II  about   2  p.  m.   at  point  F  and  was  carried 

through  E  to  point  B,  using  the  same  procedure  as  in  Block  I.    The  sur- 
face wind  during  this  period  was  very  light  but  continued  from  its  south 

southwesterly  direction.    This  resulted  in  a  slow  rate  of  spread,  requir- 
ing about    l|  hours  to  burn  a  strip  only  30  feet  wide.     Then  line  FG  was 

fired  and  allowed  to  burn  in  a  distance  of  20  feet.    Finally  Stamper  Road 
from  point  G  to  C  was   carefully  fired.     Near  point  H  the  flanking  fire 
along  EB  met  the  fire  along  Stamper  Road  and  a  very  intense  fire  devel- 

oped,   running  to  the  tops   of  50- foot   pond  pines.     This  lasted  about  10 
minutes  and   covered  about  one   acre.     Figure  7  shows   fire  in  Block  II. 
Some  fairly  large   embers  were   carried  aloft,   but   due  possibly  to  the 
high  water  table   and  the  increasing  humidity,    no  spot  fires  occurred 
across  the  control  lines  even  though  embers  burned  holes  in  the  shirts 
of  the  men  patrolling  the  firelines. 

Compared  to  the  22-feet-per-minute  rate  of  spread  of  fire  in  Block  I, 
the  fire  in  Block  II,  after  the  perimeter  had  been  fired,  moved  at  an  esti- 

mated rate  of  spread  of  18  feet  per  minute. 

DISCUSSION  AND  RESULTS 

The  Stamper  Tract  burn  was   considered  successful  in  all  respects 
by  International  Paper  Company  personnel  and  by  research  personnel.     On 
the   surface   of  the   road   and  the  water  in  the  canal  adjacent  to  the  burn, 
considerable  newly   released  pond  pine   seed  were  observed,     Milacre 

quadrats  taken  in  the  burn  on  June  29,  1959,  eight  weeks  later,   by  Inter- 
national Paper  Company,    showed  that  an  average  of  8,000  seedlings  per 

acre  were  present  on  the  area. 

With  the  exception  of  the  initial  firing  along  the  control  lines,   the 

fire  burned  in  both  blocks  with   an   average   intensity  of  603  Btu's   per 
second  per  foot  of  fireline.  This  is  several  times  the  heat  output  of  pre- 

scribed burns  in  coastal  and  Piedmont  types  but  contrasts  with  the  calcu- 
lated output   of  the  wind- driven  Buckhead  Wildfire  of  30,000  Btu's  per 

second  per  foot  of  fireline. 

On  the  average,  73  percent  or  4.80  tons  of  the  aerial  fuel  and  19 
percent  or  1.22  tons  per  acre  of  litter  were  consumed.  Figures  8  and  9 
show  the  area  10  weeks  following  the  burn. 

Since  the  stand  was  overmature  and  scheduled  to  be  clear  cut,   no 
effort  was  made  to  keep  the  fire  intensity  low.     The  estimated  pond  pine 
mortality  as  a  result  of  the  fire  was  only  3  percent,    and  most  of  this  in 
the  vicinity  of  point  H   in  Block  II.      If  the    stand  were   not   scheduled   for 
cutting  immediately  after  the  fire,   beetle  infestation  might  have  become 
a  serious  problem  in  the  dead  trees  and  those  of  reduced  vigor.     Several 
trees  on  which  the  needles  had  been  consumed  were  putting  on  new  foliage 
when  observed  June  29,    1959,    eight  weeks  after  the  burn. 
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Figure  7,  --Fire  burning  in  Block  II. 
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Figure  8. --Looking  south  into  Block  I, 
Stamper   Tract   Burn  area  10  weeks 
after  the  fire. 

re  9. --Looking  north  into   Block  II, 
imper  Tract  Burn  area  10  weeks  after 
J  fire. 
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Dense  brush  and  abundant  greenbrier  made  walking  difficult  prior 
to  the  burn.     Foot  travel  was  easy  through  the  area  after  the  fire,   thus 
tending  to  reduce  administrative  and  logging  costs  in  connection  with  the 
sale  of  the  timber. 

This  must  be  classed  as  an  intense  prescribed  burn.     Calculations 
based  on  the  fuel  type  and  rate  of  spread  indicated  an  intensity  of  about 

600  Btu's  per  second  per  foot  of  fireline.      From  the  objectives,   the  re- 
sults were  about  optimum.     Although  a  more  intense  fire  could  have  been 

tolerated  from  the  harvesting  and  silvicultural  standpoint,   it  is  question- 
able that  a  more  intense  fire  could  have  been  contained  within  the  control 

lines.     The  high  water  table,    at  times  on  the  surface,    certainly  helped  us 
in  the  job  of  suppressing  fires  from  embers  that  spotted  across  the  lines. 

Even  though  our  knowledge  of  fire  behavior  in  the  pocosins  is  limited 
and  our  approach  experimental,    there  are  several  guidelines   for  burning 
which  can  be  emphasized: 

1.  Prepare  a  detailed   firing  plan  based  on  weather  forecast. 

2.  Set  a  small  test  fire  to  ascertain  burning  rate  and  behavior 
before  touching  off  the  large  area. 

3.  Check  closely  the  surface  wind   forecast.     Obtain  special 
forecast  if  possible  on  persistence  of  direction  and  speed 
of  the  wind.    Check  forecast  against  actual  observations  at 
burning  site.     If  wind   direction  is  predicted  or  observed  to 

vary  by  more  than  ±20°,  it  is  usually  better  to  put  off  burn- 
ing until  another  day. 

4.  Wind  should  be  light  to  moderate,    6-12  miles  per  hour  in 
the  open.     The  higher  the  humidity  the  higher  the  wind  that 
can  be  tolerated. 

5.  Relative  humidity  should  not  be  over  50  percent,   but  should 
be  35  percent  or  higher. 

6.  Water  table  should  be  at  or  near  the  surface  to  keep  spotting 
across  control  lines  at  a  minimum. 

7.  Sufficient  time   should  be   allowed   for  fires   along  control 
lines  to  burn  in  40  or  more  feet  before  allowing  a  head  fire 

or  fast- burning  flanking  fire  to  run  through  the  area. 

8.  When  possible,    control  lines  should  be  straight  to  minimize 
breakovers  and  aid  in  their  rapid  detection. 

9.  The   Buildup  Index   should  be  10  or  below   and  the   Burning 
Index  no  higher  than  5. 
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Introduction 

A  prerequisite  to  efficient  management  of  any  business  enterprise 
is  some  knowledge  of  the  costs  and  returns  related  to  available  alterna- 

tives.    For  the  farmer,  this   is   primarily  knowledge   of  the   costs  and 
returns  on  investments   in  crop,   livestock,    and  woodland  enterprises. 

The  objective  of  this  study  of  the  southern  Virginia  Piedmont  is  to  pro- 
vide a  basis  for  determining  the  incomes  from  the  existing  farm  wood- 

lands and  for  determining  the   returns   on  funds   and  labor  invested  in 
treating  the  various  stands  within  these  woodlands. 

The  southern  Virginia  Piedmont  was  selected  for  study  because  it 
is   an  area  where   substantial  reorganization  of  farming  is   required. 
Farm  incomes  are  low  and  farm  labor  is  not  fully  employed  because  of 
difficulties  in  adjusting  to  a  changing  agricultural  situation.     The  farm 
woodland  may  provide  one  alternative  for  utilization  of  the  excess  labor 
and  for  increasing  farm  income. 

The  purpose  of  this  report  is  to  provide  a  method  of  determining 
the  forestry  alternative.      This  information,   when  combined  with  costs 
and  returns  on  crop  and  livestock  enterprises,    such  as  given  by  Walker 
et  al.  (1960)  for  one  sector  of  the  southern  Virginia  Piedmont,  will  enable 
the  farm  manager  to  allocate  his  resources  in  order  to  maximize  the  re- 

turns from  his  farm. 

The  Sample 

The  stands  used  in  this  study  were  found  on  105  farm  woodlands  in 
the  southern  Virginia  Piedmont  (fig.  1).    The  farms  were  selected  from  a 
larger   sample  taken  by  the   Virginia  Agricultural  Experiment   Station. 
Woodland  boundaries  were  located  on  aerial  photographs  and  the  wood- 

lands were   separated  into   stands  by  timber  type,    size,   and  stocking  in 
accordance  with  Forest  Survey  definitions  (Larson  and  Bryan  1959).    The 
minimum  size  of  stand  delineated  was  10  acres,   except  where  the  total 
woodland  area  was  less  than  10  acres.      It  was  stipulated,   however,   that 





the  minimum  contiguous  stand  area  would  be  5  acres.     In  cases  where  a 

single  small  woodland  consisted  of  a  large  variety  of  types,  the  predom- 
inant type  was   given  preference   (table  1).     Within  the   stand,    30  point 

samples  were  taken  to   determine   stand  conditions   for  later  treatment 
prescription. 

Table  1 . --Distribution of  sample  woodland  stands  by  maj 
or  forest  type, stand  size,   and 

stocking 

Stand  size  class 

Major 
forest  type 

Sawtimber 

stocking  class 

Poletimber 

stocking  class 

Seedling  &  sapling 

stocking  class 

Total 

Poor Medium Well Poor Medium 
Well 

Poor Medium 
Well 

1 7 
31 

0 

11  UJ.nk/t;  J. 

6 18 49 

~ 

Pine 20 

61 

193 

Hardwood- pine 0 11 5 3 21 19 4 8 12 83 

Hardwood 4 32 
15 

11 

59 

46 4 4 12 

187 

Total 5 50 51 

14 
100 126 

14 30 73 463 

Stand  Treatment  and  Cost 

In  this  study  only  two  actions  toward  the  existing  woodlands  were 
considered.     These  were   (a)  no  treatment,   with  only  the  land  resource 
being  applied  to  the  forestry  alternative, and   (b)  treatment  which  would 
bring  the  involved  stand  to  a  stocking  level  of  at  least  40  percent  of  full 
stocking  for  sawtimber  and  poletimber  and  70  percent  for  seedlings  and 
saplings  within  10  years  at  minimum  cost  (table  2). 

TREATMENTS 

Five  treatments  were  applicable  to  the  stands,  if  needed,  to  give  a 
desired  level  of  stocking  within  10  years: 

1 .  Reinforcement  planting  -  planting  to  fill  in  openings  that 
were  at  least  twice  as  wide  as  the  height  of  surrounding 
trees. 

Underplanting  -  planting  under  an  existing  stand  which 
consists  of  poor  growing   stock  or  unmerchantable  trees. 
The  overtopping  vegetation  is  to  be  removed  the  year  fol- 

lowing planting.    The  removal  of  the  overstory  vegetation 
after  planting  may  not   appeal  to  some  forest  managers 
because   planting  is   easier  and  faster  after  the  removal 
of  the  overstory,  but  the   underplanting  method  has  the 
advantage   of  allowing  some  of  the  treatment  costs  to  be 
handled  as  an  expense   for  the  Federal  income  tax  pur- 

poses rather  than  as  a  capital  investment  which  would  be 



the  case  if  the  planting  follows  the  removal  of  the  over- 
story.  In  this  paper,  these  costs  are  not  expensed  since 
the  woodlands  were  not  producing  an  income  from  which 
they  could  be  deducted.  A  farm  woodland  owner  could 
deduct  these  costs  as  expenses  from  income  received 
from  other  nonforest  enterprises,  however,  thereby  in- 

creasing his  woodland  income. 

3.  Site  preparation  -  exposing  mineral  soil  to  sunlight  to  en- 
courage natural  reseeding  on  areas  of  10  acres  or  larger. 

4.  Release  -  eliminating  undesirable  vegetation  from  compe- 
tition with  desirable  trees  by  cutting  or  poisoning. 

5.  Thinning  -  eliminating  excessive  competition  between  de- 
sirable trees  by  removal  of  the  poorer  trees.  This  is  done 

only  if  a  loss  of  net  growth  is  expected  in  10  years. 

Thus,   those  stands  which  fall  below  the  minimum  desired  stocking 
of  40  percent  of  full  stocking  for  poletimber  and   sawtimber  stands  and 

70  percent  for  seedling  and  sapling  stands  in  the  "Well-stocked"  column 
in  table  2  must  be  treated.    In  theory,  each  stand  would  receive  a  treat- 

ment,  where   necessary,   on  that   percentage   of  the   area  requiring  that 
treatment: 

Condition  Treatment 

Nonstocked  and  plantable  Reinforcement  planting 

Stocked 

with  undesirable  trees  and  having 
no  seed  source  Underplant 
a  seed  source  Site  preparation 
a  desirable  understory  Release 

with  desirable  trees  and 

overstocked  Thinning 
well- stocked  (No  treatment  required) 

As  shown  in  table  2,   underplanting,   thinning,    and  release  were  the 
only  treatments   applicable  on  these  stands.     There  are  two  reasons  for 
this  situation. 

First,   one  treatment   may  combine   the   aspects   of  several  treat- 
ments or  one  treatment  may  be  incompatible  with  another.  For  example, 

underplanting  of  the  poorly- stocked   shortleaf  pine  seedling  and  sapling 
stand  will,   according  to  table  2,   increase   stocking  30  percent,   raising 
the  total  to  63  percent  of  the  area  fully  stocked.     Because  underplanting 
by  definition  calls  for  the  removal  of  overtopping  vegetation,   however, 
it  replaces  release  cuttings  and  thinnings  and,  because  seedlings  are  to 
be  planted,  there  is  no  need  for  site  preparation  for  natural  regeneration 
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or  for  reinforcement  planting.  Thus,  underplanting  as  a  single  treatment 
will  eliminate  54  percent  of  the  understocking  in  the   planting  and  site 
preparation  treatment   classes  and  13  percent  in  the  release  and  thinning 
treatment  classes.     The  final  result  is  a  100- percent  stocked  stand. 

Second,  it  is  desirable  to  raise  the  stand  condition  to  an  acceptable 
stocking  level  with  as  few  treatments  as  possible  to  keep  the  expense  in- 

volved to  a  minimum.     With  this  as  an  objective,   it  may  sometimes  be 
best  to  use  a  single  treatment  or  a  combination  of  treatments  which  will 
yield  a  stocking  condition  of  less  than   100  percent  of  full   stocking  but 
greater  than  the   minimum  levels.     For  example,  the  poletimber  size, 
medium- stocked  Virginia  pine  stand  is  presently  35  percent  stocked.    By 
thinning  and  releasing  the  13  percent  of  the  stand  requiring  these  treat- 

ments, the  stand  may  be  increased  to  48  percent  stocked.    Because  of  the 
size  of  the  existing  stand  and  the  objective  of  a  single  rotation,   planting 

is  inadvisable  because  it  would  result  in  a  2- story  stand  and  would  greatly 
increase  the  treatment   costs.     Thus,   it   is   recommended  that  only  the 

release  and  thinning  treatments  be  applied  and  a  48 -percent  stocked  stand 
in  10  years  be  accepted. 

COSTS 

Treatment   costs   include   contract   costs,   which  vary  either  with 
acreage  or  with  the  volume  of  timber,   and  noncontract  costs,   which  in- 

volve the  landowner's  own  time.    Contract  costs  are  expressed  in  dollars, 
whereas  the  landowner's  time  is  expressed  in  man-hours  per  acre  so  that 
he  can  determine  his  own  hourly  wage  rate.     For   comparison  purposes, 
however,   labor  costs  are  later  estimated  at  $1.00  per  hour. 

The  costs  and  labor  requirements  involved  in  the  treatments  are: 

I.     Contractual  Services 

A.  Mistblower  applications  $12.50  per  acre 

B.  Timber  marking  (Beck  1960) 

1 .  Pulpwood 

3  [0.25617 +0.00203  (Number  of  cords)]  =  dollars  per  acre 

2 .  Sawtimber 

0.73036  +  0.04522  (MBfm  per  acre) 

(Number  of  stems
] 

marked^per  acrej 

=  dollars  per  acre  or  $0.60  per  MBfm 



11.     Cost  of  Materials 

A.  Pine  seedling  for  underplanting  $5.44  per  acre 

B.  Herbicides  for  hardwood  control 

1.  Tree  injector  (Harrington  and  Kring  1960) 

[0.000882  (Sum  of  diameters  of  treated  trees  per  acre)] 

=  dollars  per  acre 

2.  Basal  spray  (Chaiken  1951) 

[0.00732  (Sum  of  diameters  of  treated  trees  per  acre)] 

=  dollars  per  acre 

III.  Equipment  Rental 

A.     Tree  injector  $0.25  per  acre 

IV.  Labor 

A.  Underplanting^  11 .08  man-hours  per  acre 
B.  Release  of  desirable  trees 

1.  Tree  injector  method  (Harrington  and  Kring  1960) 

[0.0023  (Sum  of  diameters  of  treated  trees  per  acre)  +  0.49] 

=  man-hours  per  acre 

2.  Basal  spray  method  (Torrey  1960) 

Number  of  stems  per  acre 

Sum  of  diameters  of 
«  ̂ r^r,^.     treated  trees  per  acre 

+  0.02704              =  man-hours  per  acre 

C.  Precommercial  thinning  11.00  man-hours  per  acre 

Reoenues 

The  timber  prices  used  in  this  study  (table  3)  are  based  on  prices 
received   by  landowners  for  sawtimber  and   pulpwood  stumpage  marked 
for  sale  by  the  Virginia  Division  of  Forestry  between  January  1958  and 
July  1961.   Only  stumpage  prices  for  sawtimber  and  pulpwood  were  used; 
Anderson  (1960)    found   that  in  North  Carolina  only   about   8.5  percent  of 
forest-land   owners    sell   logs,    and   Larson   and    Bryan  (1959)    state   that 
these  two  products  accounted  for  more  than  80  percent  of  the  total  timber 
harvest. 

"■Bodie,   W.   C.     A  study  of  the  regional  variation  in  the  cost  of  planting  southern  pine  in  the 
southeast.    1960.   (Unpublished  report  on  file  at  School  of  Forestry^  Duke  University,  Durham,  N.C.) 



Table  3.  --Stumpage  prices  used  in  developing 

forestry  enterprise  budgets^ 

Item^ 

Unit  of 
measure 

Price region 

1 2 

-  Dollars  - 

Pine  sawtimber 

Intermediate  cut 

M  bd.  ft.^ 

25.00 33.00 
Harvest  cut 

M  bd.  ft.^ 

30.00 36.00 

Hardwood  sawtimber 

Intermediate  cut 

M  bd.  ft.^ 

15.00 15.00 
Harvest  cut 

M  bd.  ft.^ 

27.00 27.00 

Pine  pulpwood Cords 4.80 6.70 

Hardwood  pulpwood Cords 1.80 1.80 

These  prices  are  based  on  prices  received  in 
stumpage  sales  marked  by  the  Virginia  Division 
of  Forestry  between  January  1958  and  July  1961. 

^  All  sound  trees  9.0  inches  d.b.h.  and  larger 
for  pine  and  11.0  inches  and  larger  for  hardwoods 
are  considered  sawtimber;  sound  trees  between 
5.0  and  9.0  inches  d.b.h.  for  pine,  5.0  and  11.0 
inches  for  hardwood,  and  all  merchantable  cull 
or  limited-use  trees  5.0  inches  and  over  are  con- 

sidered pulpwood. 
^International  z-inch  rule. 

It  should  be   noted  that 

sawtimber  prices   are  given  at 
two  levels:     intermediate   cut 

and  harvest  cut.   The  harvest- 
cut  prices  apply  only  to  timber 
tciken  from  the  treated   stands 

and  the  plantations  after  finan- 
cial maturity  has  been  reached. 

The  removal  of  the  poorer  trees 
in  the  treatment  and  in  the  later 

thinnings  is  expected  to  upgrade 
the   quality  of  the  timber  that 
remains  in  the  stand  until  har- 

vest,   thereby    increasing    its 
value.      The   intermediate- cut 
prices   are  used  to  determine 
value  of  the  thinnings,  the  treat- 

ment removals,  and  the  harvests 
from  the  untreated  stands. 

Prices  for  hardwood  pulp- 
wood are  based  on  prices   re- 

ceived in  sales  outside  the  study 

area.      This   is   necessary  be- 
cause  there   is   no  market  for 

hardwood  pulpwood  in  the  area 
at  present.      The   exclusion  of 

pulpwood  production  in  the  projection  would  be  improper;   examination  of 
trends  in  hardwood  pulp  usage  and  hardwood  pulpwood  marketing  indicates 
that  markets  will  become   available  for  hardwood   pulpwood  in  the  study 
area  in  the  near  future. 

Harvest  age  for  both  treated  and  untreated  stands  is  based  on  finan- 
cial maturity  as   defined  by  Duerr  et  al.   (1956).     The  sale  value   of  each 

stand  is   computed  at  the   end  of  each   5 -year  projection  and  the  rate  of 
value  increase   over  the   5 -year   period  determined.     When  the   rate   of 
value   increase   falls  below  the   alternative  rate  of  return,  the  stand  is 
considered  financially  mature  and  is  harvested.     Alternative   rates   of  4, 
5,   and  6  percent  were  considered  in  this  study. 

The  final  harvest  is  assumed  to  be  a  clear-cutting  operation.    With 
interest  in  this  study  centered  on  the  effect  of  management  on  the  existing 
stands,    it  would  be  improper  to  try  to  predict  beyond  the  first  rotation. 

Returns  from  planted  loblolly  stands  are  based  on  the  yields  given 
in  table  4.     Planting  is  at  a  rate  of  691  trees  per  acre  spaced   7x9  feet, 
as  recommended  by  Wahlenberg  (1960).     The  basal  area  is  maintained  at 
a  minimum  of  80  square  feet  by  thinnings  at  plantation  ages  of  20,  30,  35, 
and  40  years  unless  the   stand  is  harvested   sooner  than  the   last   age. 
Eighty  square  feet  of  basal  area  is  thought  by  Brender  (1960)  and  Nelson 
et  al.   (1961)  to  be  within  the  silvicultu rally  optimum  range  for  loblolly 
pine  on  this  site. 



Table  4.  --Yields,   pe r  acre,   for  loblolly  pine  plantations  on  site  index  70 

Plantation Leave  volume Cut  volume 

age 
(years) Pulpwood Sawtimber 

Pulpwood Sawtimber 

Cords 

M  bd.  ft.^ 
20 11.9 0.6 

25 16.2 2.7 

30 
9.5 

6.0 

35 4.8 
9.1 

40 -- 12.0 

45 -- 14.7 

50 

_, 
17.4 

Cords 

3,3 

9.4 

3.6 

3.9 

M  bd.  ft.^ 

''International  i-inch  rule. 

Table  5. --Discounted  monetary  yields  of 
a  loblolly  pine  plantation  on  site  index  70 

Price 
Alternative  rate  of  return 

regions 

4  percent^ 
5  percent^ 6  percent^ 

-   -   -  Dollars  per  acre  -  -   - 

1 104.92                73.34                 53.56 

2 131.67               92.35                 67.80 

^  Based  on  an  optimum  economic  rotation 
length  of  45  years. 

Based  on  an  optimum  economic  rotation 
length  of  40  years. 

Based  on  an  optimum  economic  rotation 
length  of  35  years. 

Financial  maturity  of  the 
plantations  occurs  at  different 

ages,  depending  on  the  alterna- 
tive  rates  of  return  used,   but 

there  is   no  difference  in  the 

ages    of    harvest    between    the 
geographic  areas.     It  was  found 
that  financial  maturity  is  reached 
at  ages  of  45,   40,   and   35  years 
for   alternative   rates   of  return 

of  4,    5,  and  6  percent,  respec- 
tively.     The   discounted   money 

yields,   just  as  the  rotation  ages, 
decrease  as  the  alternative  rates 
of  return  increase  (table  5). 

For  projections  of  the  natural  stands,    stand  and  stock  tables  were 
developed  from  the  1957  Forest  Survey  data  on  the  study  area,  and  growth 
rates  were  an  average  of  the  rates  from  all  Forest  Survey  plots  in  stands 
of  the  same  condition  class.     Separate  growth  rates  were  determined  for 

each  major   species,   but  where  "t"   tests  of  group  differences  showed  no 
statistically  significant  differences  at  the  5- percent  level,  average  growth 
rates  were  developed  for  species  groups.   Diameter  growth  rates  ranging 
from  0.1  inch  outside  bark  per  year  to  0.3  inch  were  used  for  projecting 
the  stands.    These  rates  varied  with  forest  type,  size  class,  and  stocking 
class,  and  were  determined  for  each  stand  at  the  beginning  of  the  rotation. 

Natural  stands  which  were  thinned  and  released  are  projected  in 
essentially  the  same  manner.  The  basal  area  and  the  total  number  of 
trees  determine  the  growth  rate  and  the  lower  diameter  class  in  growth 
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for  these  now- managed  stands,  and  the  basal  area,  after  the  initial  treat- 

ment, was   maintained  at   80  square  feet  because  Guilkey^    was  of  the 
opinion  that  this  was  the  best  level.     Trees   removed  in  the  thin-and- 
release  operation  were  selected  from  cut-and-leave  tallies  developed  for 
each  stand  from  the  point  sample  data.    These  tallies  defined  those  trees 
which  would  be  removed  in  any  partial  cuts,   trees  requiring  deadening, 
and  trees  that  were  desirable  growing  stock. 

Projections  of  both  the  unmanaged  and  the  managed  stands  were 
made  until  the  stands  attained  finsincial  maturity  (table  6).     At  this  time 
stands  were  harvested  and  yields  were  multiplied  by  appropriate  price 
schedules  to  determine  monetary  yield. 

Net  Earnings 

Monetary  yields  from,   and  investments  in,    forest  stands  are  re- 
ceived and  made  at  different  times  so  they  must  be  adjusted  to  the  same 

point  of  time  to  determine  net  revenues.     For  the  untreated  stands,   no 

costs  are  involved,   but   for  the  treated   stands,   budgets  must  be  con- 
structed in  which  all  incomes   and  all   expenses   involved  in  producing 

these  incomes  for  each  stand  are  computed  for  a  unit  of  production  (one 
acre  of  forest  land)  and  compounded  to  the  time  of  financial  maturity. 
At  this  point,   the  costs  are   deducted  from  the  income  to  determine  the 
net  income  (table  7). 

Because  financial  maturity  does  not  occur  at  the  same  time  for  all 
stands,  it  is  also  necessary  to  place  the  net  earnings  of  all  stands,  both 

treated  and  untreated,  at  a  common  period  of  time.  This  is  done  by  dis- 
counting the  net  revenue  at  financial  maturity  back  to  the  present.     The 

following  annuity  formula  was  used  to  determine  the  net  equivalent  mean 
annual  income  (Davis  1954): Vn(p) 

(1+p)"  -  1 

where  a  -  equivalent  mean  annual  income,    dollars 
Vn  =  net  future  value  or  income,  dollars 
p  =  alternative  rate  of  return,  decimal 
n  =  years  before  final  harvest,   number 

This   equivalent  mean  annual  income  is   not  the   actual  number  of 
dollars  received  each  year,  of  course,  because  no  income  will  be  received 
from  the  timber  stands  until  an  intermediate  cut  or  the  final  harvest  cut 

is  made.  It  may  best  be  considered  as  income  from  the  timber  investment 
which  is  not  taken,  but   is  immediately  reinvested.     Because  the  timber 
income  is  not  actually  taken  each  year,  but  rather  is  left  in  the  stand  until 
harvest,  the  annual  timber  income  is  termed   equivalent.     Further,   this 
equivalent   annual  income  is  mean  income  because  it  is  held   constant  or 

Guilkey,    P.  C.     Stand  density  relationships  in  Appalachian  forests.     Proceedings,   40th 
annual  meeting,   Appalachian  Section,   Soc.  Amer.  Foresters,    pp.  13-20.     1961. 
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equal  for  all  the  years  in  the  rotation.   Actually,  the  annual  value  increase 

(equivalent  income)  in  timber  stands  is  greater  toward  the  end  of  the  rota- 
tion than  at  the  beginning,  but  for   ease   of  computation,   it  is  better  to 

assume   an  average   annual  value  increase.     Thus,   the   equivalent   mean 
annual  income  is  the  expression  of  the  average  income  a  landowner  would 
receive  each  year  from  his  woodland  stand  if  the  taking  of  timber  income 
annually  were  possible. 

Table  6.  --Years  until  financial  maturity  for  untreated  and  treated  stands 

Stand  description Untreated  stands Treated  stands 

Forest Size 
class 

Stocking 

class 

Alternative  rates  of  return Alternative  rates  of  return 

type 

4% 5% 

6% 
4% 

5% 
6% 

-  -  Years 

in  future  - 
-   - -  - -  - 

LobloUy- 
shortleaf 

Sawtimber Medium 5 0 0 No  treatment 

requ 

red 

Well 
15 

15 5 5 5 5 

Poletimber Medium 5 5 5 No  treatment 

requ 

red 

Well 25 

25 

20 No  treat ment required 
Shortleaf 

pine 

Seedling  & 
sapling 

Poor 25 25 25 

45 

40 35 

LobloUy- 
shortleaf 

Seedling  & 
sapling 

Medium 
to  well 

15 
15 10 20 15 15 

Virginia 

pine 

Sawtimber Poor 0 0 0 45 40 35 

Medium 0 0 0 

45 

40 

35 
Well 5 5 0 45 40 35 

Poletimber Medium 25 25 

20 

20 20 15 

Well 25 20 

15 

45 40 35 

Seedling  & 
sapling 

Poor  to 
medium 

15 15 5 No  treat 
ment 

requ 

ired 

Well 15 15 15 No  treat ment 

requ 

ired 

Hardwood- 

pine 
Sawtimber Medium 0 0 0 45 40 

35 

Well 5 5 5 

45 

40 

35 

Poletimber Poor 25 20 15 45 40 

35 

Medium 15 15 5 No  treatment 

requ 

ired 

Well 15 15 5 No  treat ment 
requ 

ired 
Hardwood- 

pine 

Seedling  & 
sapling 

Poor 45 45 35 

45 

40 

35 

Medium 35 

30 

25 45 

40 

35 

Well 

25 

25 

25 

45 

40 35 

Hardwood Sawtimber Poor 5 5 0 45 40 

35 

Medium 5 5 0 15 5 0 

WeU 5 0 0 5 5 0 

Poletimber Poor 15 

15 

10 

45 

40 35 

Medium 
15 15 

5 15 

15 

15 

Well 15 15 5 15 

15 

15 

Seedling  & 
sapling Poor 25 20 20 

45 

40 

35 

Medium 
25 

20 

15 45 

40 

35 

Well 30 

25 

15 45 40 35 
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Table  7.-- A  sample  enterprise  budget  for  a  poorly-stocked  hardwood  sawtimber  stand  (underplanted) 
where  the  alternative  rate  of  return  is  5  percent 

Years 

in future 

Unit 
of 

measure 
Quantity 

Price  Region  1 Price  Region  2 

Item Unit 

price 

Future 
value 

Unit 

price 

Future 
value   Doll 

Income: 
Intermediate  cut: 

Pine  sawtimber 2 
Mbd. 

ft/ 

0.427 25.00 71.61 
33.00 

94.47 
Hardwood  sawtimber 2 

M  bd. 

ft/ 

2.338 15.00 235.14 15.00 235.14 

Pine  pulpwood 2 Cord 0.777 4.80 25.14 

6.70 
34.87 

Hardwood  pulpwood 2 Cord 9.256 
1.80 111.70 

1.80 
111.70 

Thinning: 

Pine  pulpwood 21 Cord 3.300 4.80 42.02 6.70 58.66 

Pine  pulpwood 31 Cord 9.400 4.80 73.50 
6.70 

102.59 

Pine  pulpwood 36 Cord 
3.600 

4.80 
22.05 

6.70 

30.78 

Harvest  cut: 
Pine  sawtimber 41 

M  bd. 
ft/ 

12.000 30.00 360.00 36.00 
432.00 

Pine  pulpwood 

41 

Cord 3.900 4.80 18.72 

6.70 
26.13 

Total  income  at  harvest  age       959.88 

Expenses: 
Hardwood  control: 

Mistblower  applications 
Tree  injector  rental 
Injector  silvlcide 

1,126.34 

0 
Acre 

1 12.50 92.40 
12.50 

92.40 
0 

Acre 
1 0.25 1.85 

0.25 
1.85 

0 
Acre 

1 
0.28 2.07 

0.28 
2.07 

Planting: 

Pine  seedlings 1 Acre                   1                     5.44 38.30 

5.44 
38.30 

Thinning: 
Timber  marking 21 Acre                   1                     0.79 2.10 0.79 2.10 
Timber  marking 31 Acre                   1                     0.83 1.35 0.83 1.35 
Timber  marking 

36 

Acre                   1                     0.79 1.01 0.79 1.01 

Labor  distribution Total  exp.   at  harvest  age 139.08 139.08 

Season       Hrs.  per  acre Net  income  at  harvest  age 820.80 987.26 

June- July                  1.22 Equiv.    mean  annual  income 6.42 7.72 
Jan. -Mar.              11.08 Landowner  labor  (man-hours) 

Equiv.   mean  annual  income 

12.30 
12.30 

if  labor  is  $1  per  hour 5.71 7.01 

^International  5 -inch  rule. 

The  object  of  determining  the  equivalent  mean  annual  income  is  to 
place  the  results  on  a  comparable  basis  with  the  returns   from  agricul- 

tural crops;   that  is,    as  a  net   return  per  acre   per  year.     Although  it  is 
true  that  this  is  not  actual  income,   it  must  be  considered  so  for  deter- 

mining the  optimum  combination  of  resources  in  the  development  of  total 
farm  plans. 

The  end  result,  the  estimated  equivalent  annual  incomes  per  acre, 
is  presented  in  table  8  for  untreated  and  treated  stands.     The  labor  con- 

tributed by  the  landowner  for  the  treatment  is  shown  in  the  last  column 
of  the  table. 



lO  Ol 

13 

in  to  Tj-  .-i<DOcoto                                in[~-co  Mcomt^+j^jOjcooOiM--" 

in*  CO  CM  ̂       d      M      CO      CD                                CO      dm'  "'      '^      "      f~     cl?  dTl    ̂      '^      '^  "      '^      "^ 

CO  o  CO  o      a>      T      (Xt      <£>                                CO      I—      en  ocO[^^+jQ;*ja)CDcMcor-oa) 
o  CO  in  rj«Tj-cOr-.c-                                cotto  coO'j'cMt-.t.ajtDcoTj'coco 

I-  N  --'  0Ot-Oi«3in                                                  tDin^J'  C^1CMC^J^022'^'^"'^'^^ 

[-1  Ih  U  (h  tH  U  L4 

3033  cv]  O  c-mcnincD  d           3          cDcDffpD  OiC^Oc^icMcooroco          rj-Oi- 

crocro"  — •  c\j  ^oot^cM  cr        ct       cmooctct  ooocot-or-t^oc-        co      ■-•     ̂  
O'QJO  '  ■  •           •           ■           ■           •  (U             Qi                ■■■QJtU  .........                ... 

u       ̂        U       U  "^  ^  .-lOiMi-co  t-           (-          cor-«3j^t*  T^rfr-corO'^Tj'co          rf-rf-'J' 

Cc^jCC  in  in  cMOi'-'c^in  £          £         c^joO'^cc  mcoajcMcv]cvjTj<cgaj         omco 

*-;to-^*j  o  to  oorr^oio  +j         +j         mc-LD-i-t;  otO'-iTrooc^itooim         .-•o.-' tu-cTin  .  .  .....ran)             •■.(nnj  .........  ... 

O  O       O  O  O  O        O 
2  2^  2       ̂ ;  22 
CO  in  "-"  CO      c~-      t~      rr      tt                                -^cor-  esicooc-ff'trcotoi:-  rj-c^joi 
o  CM  ci  .-■iMajc-t-                                c—r-co  cjcocooin.-«c~coococMCM 

CM  m  '-'  .-"O.-1C0C0                                cor-tD  mininco^^m»5<n'ininin 

CM  0>  r-  C^COi-HCMCO                                            CMOin  OJCO— 'CMCOCnCTiCMC-r-fCntD 

^  a>  tr  n'r-.-Ht-in                                o>cocm  o-r.—      u^Tj-in-cfcico^cno 

CO  CO  --H  03i>ajcotD                                cotom  co^Tj-tocoeo'i'^co^co^ 

oO'-iOi'— I  to  CO  cM^oOiO  O         in         'rcor-co^  0)mcoTj>cncocnr-co         ^noom 
CMCMinCO  00  CO  OltMCOCOCM  lO            -^            USCO^tDtO  <0.-<OC0TrCMOC3>m            LOy^Oi 

CDCOCOCO  O  CM  CMCvl^COCO  -^            CO            COCOtOCOOl  OCM'-«COCM'-''^^tO            ^OO 
— .Tf"^  ir-(-t-r-.                                   CDCM  Oint- 

c-cmo«)  in  in  oocoto.-"  m         <£>         cMcoi-'to>-i  i— (Oirfrff-inri'TrcTj         co[^cm 
^COCMt—  CD  O  OOCMt~0  CO            in            Ot-OimcM  C01000tDCOCOO[--(r\l            rf        (£>        a 

COr^OtO  O  CM  OCOOtDO  CO            OJ            CnOrTL—        CO  O.-iOCn.-'COTj.tDtO            r-iOO 
coco.--  COCMCO.-<                                            C-CM  comto 

OOCMC-CO  CO  CD  CM'TC-iOCO  CM            CM            ̂ I-^CICD  CO[~-crjCOtDCOtD--'CO            tDCMOi 
CM'^COCO  Ol  ^  OlCM^OcM  CT>            C-            COCOinCOCM  Tfcsj^CO.-cCM'-'— *C0            COtOt- 

CDt—         coco  O  rO  CMtNCJlCncM  .—I             CO              CO^mCO':!"  OCM— "-HCN'— "COt—         CM              i-hOO 

C-rjii-H^  t5"  CO  OOCncMCO  rp          CD           CMtOC—OCM  ^oc—       .—       Oinaicoco          cmoc~ 
•^'CO'^OO  t-  in  OOCJiCJiCM  Tj'            C~            t--.-<COCOtD  COCOCnmOCOOCOCD            COCDC- 

COCOOCO  O  —1  OCOOiCDO)  i-i            CM            Oi.-'rj-COCO  O-hOOCMCOCOCDcM            -hOO 
CO.-".-!  COCMC^l                                                                   [-CM  CM.-<(D 

cor-^t-  CO  CO  cMtrcDCDrf  CO         '-'         rr      CD      I-      c^i      a>  COCOCO.-11—      inocoin         t-oicM 
int-1-i.-i  ^  CO  cncM—icor-  o         o         tDooco.-«in  inincocMcoOTj-cno         comoo 

CDCO^O  .-•  CM  CMCMOO.--  cm            f            CO^ini"-*  OcM'-'CMCMCDCOCMCO            OOO 
CM.-H.-'.-i  D-r-"-^.-!.-"                                            O^CM  CM"--— < 

coooa>^  CO  .-■  oOcMc^ir-  m         o         cMcomino  mco.-ii--.-.tncococ;>         cocoo 
cMcoinco  CO  c~  ooincno)  m         a>         c-mcMino  ■^o.-<cotMCDcococo         oomco 

CO 
CO 

Ol 

B^ 

2  S 

5    S    5 
S     S    S: 

o  •o 

o  2 

ft  £ S    S    (1,    S    5 

5   ft. 

ft    S    is 

en   w     en   CO 

c 

01 

(U rt 
w m 

>1  rt 

<u         ;=;  4" 



14 

It  should  be  noted  here  that  these  estimated  equivalent  mean  annual 
incomes  are  incomes  before  taxes.     With  the  application  of  the  Federal 
income  tcix,   these  figures  would  be  reduced  by  10  to  25  percent.    Because 
income  from  timber  is  subject  to  capital  gains  tax  treatment,   the  amount 
of  reduction  would  be  equal  to  half  the  tax  rate  on  ordinary  income  up  to , 
but  not  exceeding,    25  percent  (Williams  1953).    Thus,   in  comparison  with 
income  from  agriculture,  an  acre  of  land  must  yield  from  12.5  percent  to 
50  percent  more  net  income  before  taxes  in  agriculture  than  in  forestry 
in  order  to  yield  an  equal  income  after  Federal  income  taxes,   depending 
on  the  tax  bracket. 

The  costs  of  property  taxation  and  income  from  public  assistance 
programs  are  not  considered.    The  former  is  too  varied  between  counties 
and  between  farms  to  be  considered  by  stand  classification  on  the  sample 
farm,    and  the  latter  is   not   predictable   enough  as  to  qualifications  and 
funds  available  to  be  utilized  here.    In  addition,  property  tax  expense  may 
be  offset  by  capital  gains  tax  treatment  of  the  income  received  in  timber 
harvests. 

A  comparison  of  treated  and  untreated  stands  in  table  8  shows  the 
effects  of  the  various  treatments  and  no  treatment  in  terms  of  dollars 

per  acre  per  year  for  each  stand  from  the  present  until  harvest.   A  more 
direct  method  of  comparison  for  the  treated  and  the  untreated  stands, 
however,  is  the  development  of  ratios  between  the  equivalent  mean  annual 
incomes  of  the  treated  stands  and  those  of  the  untreated  stands  (tables  9 

and  10).   In  these  tables,  the  prescribed  treatment  is  economically  feasible 
if  the  ratio  is  greater  than  one  and  is  not  economically  feasible  if  the  ratio 
is  less  than  one.   If  the  ratio  is  exactly  one,  it  is  economically  immaterial 
whether  the  stand  is  treated  or  not. 

An  input  difficult  to  price  is  landowner  labor,  but  it  cannot  be  ignored 
for  it  is  a  very  decided   expense  to  be  borne  by  the  final  harvest  income. 

The  landowner's  labor  is  not  cost-free  labor  so  it  is  necessary  to  provide 
some  measure.     For  this  study,    contributed   labor  is  priced  at  $1  per  hour 

and  made  a  part  of  the  budgets  for  the  treated  stands  according  to  the  man- 
hours  of  labor  required. 

A  comparison  of  the  ratios  in  tables  9  and  10  shows  why  the  invest- 
ment in  landowner  labor  cannot  be  ignored.    For  example,  in  the  poorly- 

stocked  hardwood  and  hardwood- pine   poletimber  stands,   a  labor  cost  of 
only  $1  per   man-hour  will  cause  the  treatment   of  the   stand  to  be  un- 

economical if  the   alternative   rate  of  return  is    5  percent.     This  is   an 
extreme   case,  but  the   investment   in  labor  can  be   a  very   substantial 
cost  item. 

These   tables   of  equivalent  mean  annual  incomes   and  their  ratios 

contain   several  peculiarities   arising  from   rounding   rates   of  value  in- 
crease to  the  nearest  whole  percentage  and  variation  in  time  periods.    For 

example,    a  medium- stocked  hardwood  sawtimber  stand  apparently  can  be 
treated  economically  if  the  alternative  rate  of  return  is  5  percent,   but  not 
if  the  rate  is   4  percent.     This  is  the  result  of  the  treated   stand  reaching 
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financial  maturity  in  15  years  at  4  percent,    and  in  only  5  years  at  5  per- 
cent.    The  untreated  stand  would  reach  financial  maturity  in  5  years  for 

either  4  or  5  percent  (see  table  6).     Thus,   while  the  treatment  at  4  per- 
cent will  yield  a  higher  total  income  than  no  treatment,   the  additional  10 

years,  when  discounted,  give  a  lower  equivalent  mean  annual  income  than 
discounting  the  higher  alternative   rate  of  return  or  discounting  the  un- 

treated stand. 

This  effect  of  time   also  accounts  for  the   treatment  of  the  larger 

size  classes  usually  being  ineffective  financially.     Normally,    any  treat- 
ment carried  out  on  these  stands  will  increase  the  interval  of  time  before 

financial  maturity  is  reached.   If  the  treated  stand  is  being  compared  with 
a  stand  which  is  presently  financially  mature,  the  differences  in  the  time 
of  discounting  are  not  offset  by  value  increases  in  the  treated  stands  and 
the  ratio  will  be  less  than  one,   indicating  that  treatment  is  not  practical. 

Under  the   assumptions  of  this  study,   treatments  on  the  existing 
stands  may  appear  not  to  be   economically  feasible,   as  is  indicated  in 
tables  9  and  10.    If  additional  rotations  were  considered,  however,  man- 

agement of  these  stands  may  be  worthwhile,   but  all  future  rotations  have 

been  ignored  in  this  analysis  because  of  the  uncertainty  of  length  of  land- 
owner tenure  and  the  species  desired  in  the  next  rotation.    Without  some 

assurance  of  a  relatively  long  period  of  ownership,  it  would  be  unwise  to 
attempt  to  develop  long-term  management  plans.     Even  if  data  were 
available  on  length  of  tenure,  the  problem  of  the  forest  type  of  the  second 
and  subsequent   rotations  would  be   left.     The  acceptance  of  an  average 
loblolly  pine   site  index,   while  useful  for  the  purposes  of  this  study,   is 
much  too  broad  for  a  detailed  definition  of  future  stand  composition.     It 

is  highly  unlikely  that  a  number  of  the  existing  species  would  be  regen- 
erated,  but  data  will  not  permit  specification  of  timber  type  conversion. 



Table  9.  --Ratios  of  equivalent  mean  annual  incomes  from  treated  stands  to  those  of  untreated 
stands  when  labor  costs  are  not  considered 

Stand  description 
Alternative  rates  of  return 

4  percent 5  percent 6  percent 

Size 
class 

Stocking 

class 
Forest 

type 

Price  Regions Price  Regions Price  Regions 

1 2 1 2 1 2 

shortleaf 
Sawtimber Medium No  treatment 

required 
Well 

2.65 2.24 2.82 

2.65 

1.13 
1.05 

Poletimber Medium 

Well 
No  treatment 

No  treatment 
required 

required 

Shortleaf 

pine 

Seedling  &. 
sapling Poor 4.64 4.65 4.12 

4.20 
3.54 3.79 

Loblolly - 
shortleaf 

Seedling  & 
sapling 

Medium 
to  well 

0.86 
0.82 1.04 1.02 0.75 

0.72 

Virginia 

pine 

Sawtimber Poor 0.06 0.06 0.06 0.06 0.06 
0.07 

Medium 0.06 0.06 
0.06 0.06 0.06 0.06 

Well 
0.30 0.30 

0.30 
0.31 

0.07 

0.07 

Poletimber Medium 0.85 0.84 0.86 0.86 0.92 0.94 
Well 

0.73 0.74 0.65 0.68 0.58 0.61 
Seedling  & 
sapling 

Poor  to 
medium 

Well 

No  treatment 

No  treatment 

required 

required 

Hardwood- 

pine 

Sawtimber Medium 0.09 0.09 0.08 0.09 0.08 0.09 
Well 

0.29 0.31 0.27 0.29 
0.26 0.28 

Poletimber Poor 1.24 1.28 1.04 1.10 0.82 0.89 

Medium No  treatment 
required Well 

No  treatment required 
Seedling  & 
sapling Poor 

8.87 9.32 8.97 
9.51 

7.42 
8.26 

Medium 2.21 2.32 
2.02 2.15 1.76 1.92 

Well 3.70 3.96 3.29 3.61 2.94 3.35 

Hardwood Sawtimber Poor 
0.32 0.36 

0.31 0.35 
0.07 

0.08 

Medium 0.53 0.53 
1.90 

1.89 
No  treat 

require 

ment 

d 

Well 
1.51 

1.50 0.34 
0.33 No  treatment 

required Poletimber Poor 1.35 1.69 
1.18 

1.49 0.74 
0.96 

Medium 1.48 1.46 0.57 
0.57 

0.54 
0.54 

Well 
1.34 1.33 

1.34 
1.34 0.53 

0.54 
Seedling  & 
sapling 

Poor 
4.78 

6.14 
1.75 2.28 

1.67 

2.25 

Medium 6.88 8.86 
5.08 6.61 

3.43 4.74 
Well 

5.08 6.45 
4.05 

5.28 
2.60 

3.48 



Table  10.  --Ratios  of  equivalent  mean  annual  incomes  for  treated  and  untreated  stands 
when  labor  costs  are  estimated  at  $1  per  hour 

Stand  description 
Alternative  rates  of  return 

4  percent 5  percent 6  percent 

Size 
class 

Stocking 

class 
Forest 

type 

Price  Regions Price  Regions Price  Regions 

1 2 1 2 1 2 

17 

shortleaf 
Sawtimber Medium 

Well 2.65 

Poletimber Medium 

Well 

Shortleaf 

pine 

Seedling  & 
sapling 

Poor 4.05 

LobloUy- Seedling  & Medium 0  84 

shortleaf sapling to  well 

Virginia 

pine 
Sawtimber Poor 0.06 

Medium 0.06 

Well 
0.28 

Poletimber Medium 
0.84 

Well 0.67 

Seedling  & Poor  to 
sapling Medium 

Well 

Hardwood- 

pine 

Sawtimber Medium 0.08 

Well 0.27 

Poletimber Poor 

Medium 
Well 

1.11 

Seedling  & 
sapling 

Poor 7.62 

Medium 1.96 
Well 

3.20 

Hardwood Sawtinnber Poor 0.29 

Medium 0.53 

Well 1.50 

Poletimber Poor 1.17 

Medium 1.46 
Well 1.33 

Seedling  & 
sapling 

Poor 4.12 

Medium 
5.88 

Well 4.36 

No  treatment  required 

2.24  2.82  2.65  1.13 

No  treatment  required 

No  treatment  required 

4.19 

0.80 

3.30 

1.02 

3.58 

1.00 

2.45 

0.73 

1.05 

2.97 

0.71 

0.06 0.06 0.06 0.06 
0.06 

0.06 0.05 0.05 
0.05 0.05 

0.28 0.28 0.29 0.07 0.07 

0.84 
0.85 0.85 

0.91 0.93 

0.70 0.58 
0.62 0.50 0.55 

No  treatment 
required 

No  treatment 
required 

0.09 0.07 
0.08 

0.07 0.08 

0.29 0.24 0.26 0.22 0.25 

1.18 0.89 
0.98 0.67 0.76 

No  treatment 
required 

No  treatment 
required 

8.32 7.03 7.98 
4.90 6.26 

2.12 1.68 1.88 1.34 
1.59 3.55 2.61 

3.06 2.01 2.59 

0.34 
0.28 

0.32 0.06 
0.07 

0.53 1.89 1.88 No  treatment 

required 

1.50 
0.34 

0.33 No  tre 
requ 

atnient 

ired 1.51 0.95 
1.27 

0.54 
0.76 

1.45 0.56 0.56 0.53 0.53 

1.32 1.32 1.32 
0.52 

0.53 

5.48 1.38 
1.92 1.14 1.72 

7.88 3.93 5.50 2.22 
3.54 

5.76 
3.18 4.43 

1.74 
2.65 
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Summarif  and  Recommendations 

This  study  was  carried  out  to  determine  the  costs  and  returns  from 
treatments   applied  to  average   farm  woodland   stands   in  the   southern 
Virginia  Piedmont.    It  was  necessary  to  use  average  data  covering  either 
the  two  price  regions  or  the  entire  study  area.     The  stands  are,   at  best, 
approximations   of  given  stands,   but  how  close   these  approximations  are 
to  reality  depends  entirely  on  how  diverse  the  stands  are.     Thus,  the  re- 

sults of  the  projection  of  these  stands   must  be  handled  with  caution  and 
tempered  with  judgment  when  applying  them  to  actual  situations. 

For  example,   all  sites  were   considered  to  be  Loblolly  Pine  Site 
Index  70.     This  Cruikshank  (1954)  determined  to  be  average  for  southern 

Virginia,  but  observation  of  the  region,  with  its  variegated  terrain,  indi- 
cates that  a  very  wide  range  of  sites  exists.     Any  change  in  site  quality 

would  result  in  a  change  in  the  growth  rate  which  will  cause  a  very  de- 
cided variation  in  the  value  return. 

Further,    stumpage  prices,   though  based  on  the  best  available  in- 
formation,   were  assumed  to  be   constant  throughout   a  price   region. 

Because  of  differences  in  accessibility,   topography,    quality  and  quantity 
of  timber,  and  market  needs,  however,    variations  between  this  average 
price   and  the   actual  price   are  to  be   expected.      Any  variation  from  the 

stumpage  prices  used  in  this  study  will  have  a  direct  effect  on  the  inten- 
sity of  management. 

Also,   loblolly  pine  was   the   only   species   considered   for  planting 
sinc«  relatively  good  information  was  available  on  the  growth  rates,    re- 

sponse to  treatments,  and  yields  of  this  species,  and  also  because  loblolly 
pine  is  the  species  most  commonly  used  for  planting  in  Virginia.     It  may 
be  possible,   however,  that  other  tree  species  may  be  more  suitable  for 
planting  on  given  areas.      This   alternative   should  be   considered   in   any 

"on-the-site"  management  planning. 

Therefore,   the  following  recommendations  should  be  treated  with 
care,    and  due  consideration  given  to  those  factors   found  on  the  ground 

which  vary  from  those  used  in  the  study.    Service  foresters  should  esti- 
mate the  site  index  and  determine  intermediate  cut  stumpage  prices  be- 

fore applying  the  recommended  treatments.     For  example,  with  a  higher 
site   index  and  equal  or  better   prices   for  intermediate   cut   stumpage, 

treatment  of  the  pine  stands  may  become  worthwhile.     The  best  indica- 
tion of  any  changes  in  the  recommendations  would  be  the  nearness  of  the 

ratios  of  the  equivalent   mean  annual  incomes   for  treated  and  untreated 
stands  to  one.    A  very  slight  increase  in  site  index  or  in  price  may  raise 
the  ratio  to  something  greater  than  one,    showing  that  treatment  has  now 
become  worthwhile. 
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The  recommendations  are: 

1.  In  general,   pine  stands  should  not  be  given  any  treatment. 
They  should  just  be  protected  from  fire  and  the  harvest 
deferred  until  the  stands  reach  financial  maturity.  It  may 
be  economically  feasible  to  convert  poorly- stocked  pine 
seedling  and  sapling  stands  to  well- stocked  pine  seedling 
and  sapling  stands  by  underplanting,  but  the  other  levels 
of  stocking  in  the   seedling  and   sapling  stands   and   all 
levels  of  stocking  in  the  poletimber  and  sawtimber  stands 
should  not  be  treated. 

2.  All  seedling  and  sapling  stands  of  the  hardwood- pine  and 
hardwood  forest  types  should  be  underplanted,  regardless 
of  the  level  of  stocking,   if  the  maximum  financial  return 
is  desired. 

3.  Poorly- stocked  poletimber  stands  of  the  mixed  hardwood- 
pine  type  may  be  advantageously  converted  to  a  pine  type 
by  underplanting  if  the  alternative  rate  of  return  does  not 
exceed  4  percent.     The  higher  levels  of  stocking  of  the 

poletimber  stands  and  all  levels  of  stocking  of  the  saw- 
timber  stands  in  the  pine- hardwood  forest  type  should  not 
be  treated. 

4.  Poorly- stocked  hardwood   poletimber    stands    should  be 
underplanted  to  maximize  financial  returns.   The  returns 
on  this  treatment  will  not   exceed   5   percent  in  Price 
Region  2,   however,    and  4  percent  in  Price  Region  1. 

5.  Medium-  and  well- stocked  hardwood  poletimber  stands 
and  hardwood  sawtimber  stands  will  respond  to  thinning 
and  release  treatments,  but  the  rate  of  return  will  not 
exceed  5  percent. 

To  summarize,  the  pine  stands  of  the  southern  Piedmont  of  Virginia 
should  not  be  treated;   seedling  and  sapling  hardwood- pine  stands  should 
be  underplanted;   the  poorly- stocked  hardwood  poletimber   stands   should 
be  underplanted;    medium-    and  well- stocked  hardwood  poletimber   and 
sawtimber  stands    should  be  thinned  and   released;    and  hardwood- pine 
sawtimber  and  poletimber  stands  should  not  be  treated. 
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FOREWORD 

The  George  Walton  Experimental  Forest  in  Dooly  County,  Georgia,  is  operated 
by  the  U.  S.  Forest  Service  in  cooperation  with  Mr.  Holt  E.  Walton,  of  Cordele, 
Georgia,  and  St.  Regis  Paper  Company.  As  originally  established  in  1947,  the 
experimental  forest  contained  3,300  acres  leased  from  Mr.  Walton  rent  free  for  a 

50-year  period.  As  Mr.  Walton  purchased  adjoining  lands,  they  were  incorporated 
with  the  forest  until  the  total  area  in  1964  became  4,360  acres. 

A  pilot  forest  is  one  phase  of  a  broad  program  of  slash-longleaf  pine  manage- 
ment research  being  conducted  on  the  experimental  forest.  This  study  was  primarily 

planned  and  directed  through  the  first  10-year  period  by  Norman  R.  Hawley,  and 
due  acknowledgment  is  accorded  him  by  the  authors.  Others  who  have  contri- 

buted substantially  to  the  study  are  Daniel  E.  ChappeUe,  William  R.  Harms, 
George  P.  Jarrett,  and  John  D.  Woodward. 
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TEN  YEARS  OF  TIMBER  MANAGEMENT  IN 
THE  MIDDLE  COASTAL  PLAIN  OF  GEORGIA 

by 

E.  P.  Jones  and  F.  A.  Bennett 

INTRODUCTION 

The  middle  coastal  plain  stretching  diagonally 
across  the  lower  half  of  Georgia  is  more  than  half 
occupied  by  slash  (Pinus  elliottii  Engelm.)  and 
longleaf  pine  (P.  palustris  Mill.).  Because  of  low 
market  prices  and  wUdfires,  owners  were  rather 
apathetic  toward  such  forest  properties  in  the 
decade  prior  to  World  War  II.  Turpentining 
was  about  the  only  paying  woods  operation,  and 
most  management  was  toward  that  product. 
Large  loblolly  pines  were  sometimes  girdled  to 
(make  room  for  the  gum  producing  species.  With 
Wood  products  of  so  little  value,  longleaf  and 
slash  pine  of  all  sizes  were  destructively  cupped 
for  naval  stores.  Fire  was  used  indiscriminately 
to  aid  movement  through  the  woods,  to  provide 

gazing  for  open-range  cattle,  to  kill  boll  weevils, 
knd  in  some  cases  purely  as  a  matter  of  habit. 
I  Although  the  state  was  making  progress  in  its 
^e  protection  effort,  only  a  small  portion  of  the 
counties  in  the  area  were  under  organized  fire 
protection  by  the  start  of  World  War  II.  With 
the  coming  of  the  war,  naval  stores  operations 
vere  intensified,  and  heavy  cutting  started  to 
provide  Ivimber  and  other  wood  products. 
As  a  result  of  these  conditions  and  woods  prac- 

ices,  much  of  the  longleaf-slash  pine  forest  acre- 
ige  was  severely  understocked  and  producing  at 
I  low  level  by  the  end  of  the  war.  Although 
umber  and  gum  prices  were  in  balance  with  the 

tver-all  economy,  stocking  on  the  average  wood- 
and  holding  was  so  low  that  meaningful  returns 
rom  intensified  management  efforts  did  not  ap- 
»ear  possible  within  reasonable  time  limits.  Some 
6  percent  of  the  land  area  of  the  middle  coastal 
•lain  was  classed  as  forest  land,  but  farming  and 
llied  interests  were  the  major  lines  of  activity, 
nd  received  primary  attention.  There  was  a 
eed  for  a  graphic  illustration  of  the  feasibility 
nd  profitability  of  managing  these  understocked 
orest  lands. 

To  meet  this  need,  a  pilot  forest  of  2,273  acres 
was  set  up  on  the  George  Walton  Experimental 
Forest  in  1949  (fig.  1).  It  represented  a  medium- 
size  holding  which  might  be  operated  as  an  inde- 

pendent business  venture.  Furthermore,  it  re- 
flected the  woodland  conditions  and  influences 

affecting  timber  production  in  the  middle  coastal 
plain  of  Georgia. 

THE  PILOT  FOREST 

The  topography  and  soils  of  the  pilot  forest  are 
typical  of  the  middle  coastal  plain.  The  land  is 
gently  rolling,  broken  frequently  by  small  streams, 
many  of  which  are  intermittent.  Unlike  the  ridge 
sites,  these  narrow  stream  bottoms  are  poorly 
drained  and  constitute  the  best  areas  for  pine 

growth,  except  where  ponding  occurs.  The  soils 
are  good  timber  sites.  On  the  upland  soUs,  most 
of  which  were  once  cultivated,  dominant  trees  in 
natural  stands  of  slash  pine  at  age  50  will  measure 
from  60  to  85  feet  in  height,  averaging  around  75 
feet.  Bottomland  sites  will  average  8  to  10  feet 
higher.  Longleaf  heights  on  the  same  soils  and 
at  the  same  age  will  be  sUghtly  shorter. 

When  management  began  in  1949,  the  forest 
was  irregular  in  stocking  and  stand  patterns, 
a  natural  result  of  past  woodland  practices. 
Stands  were  even-aged  by  groups,  with  the  av 
erage  area  of  uniformity  quite  limited,  usually 
no  more  than  a  few  acres. 

An  age  class  survey  completed  in  1955  outUnes 
the  development  of  the  forest  (fig.  2).  The  large 

acreage  in  the  0-  to  10-year  class  indicates  good 
regeneration  during  the  period  from  1945  to  1955, 
which  was  a  direct  result  of  fire  protection;  also, 
better  than  133  acres  of  plantings  during  this 
period  help  boost  the  area  in  this  age  class.  The 
small  acreage  in  the  11-  to  20-year  class  and  the 
21-  to  30-year  class  represents  poor  reproduction 
establishment  during  the  1925-1945  period,  when 
fires  burned  indiscriminately  and  livestock  grazed freely. 



Figure  1. — The  middle  coastal  plain  area  of  Georgia  and  location  of  the    George  Walton 
Experimental  Forest. 



40 

30 

S    20 

i 
1^ 

10 

<[^<<<[ 1 

  fl'l'l'.'ll   

0-10 11-20  21-30  31-40  41-50 

-PINE  TYPES  BY  AGE  CLASS    (YEARS)  — 

51  + 

HARDWOOD        NON- 
STOCKED 

Figure  2. — Percentage  of  pilot  forest  acreage  by  forest  type,  with  pine  type  broken  into  10-year 
age  classes,  as  of  1955. 

Another  large  portion  of  the  pilot  forest  is  the 

31-  to  40-year  age  class,  which  is  from  reproduc- 
tion of  the  period  just  after  World  War  I.  This 

time  of  economic  depression  and  heavy  boll  weevil 

losses  forced  many  acres  of  cropland  into  aban- 
donment and  these  areas  regenerated  naturally 

to  the  pine  types  (fig.  3).  In  this  connection,  it 
is  interesting  to  note  that  most  of  the  former 

cropland  on  the  experimental  forest  was  classi- 
fied in  1928  as  Susquehanna  sandy  loam  by 

Phillips  et  al.^  In  their  discussion  of  the  soil 
types  can  be  found  the  reasons  for  abandonment. 

They  stated:  "Crop  yields  are  low,  and  in  many cases  the  land  is  cleared  and  farmed  for  a  few 

years  and  then  allowed  to  revert  to  pasture  or 
woodland  ....  Cotton  yields  on  an  average  of 

about  one-eighth  or  one-tenth  bale  per  acre,  and 

corn  averages  about  10  or  12  bushels."  They 
j  also  noted  that  boll  weevil  damage  was  heavy  and 

the  soils  were  ".  .  .  better  adapted  to  forestry 
and  grazing." 

Fire  Protection 

The  first  consideration  after  establishment  of 

jthe  experimental  forest  was  protection  against  the 
jindiscriminate  annual  burning  practiced  widely. 
iAlthough  Mr.  Walton  made  a  strong  effort  to 

Icontrol  fire  on  his  acreage,  approximately  one- 
third  of  his  holding  burned  annually,  according 

I  Phillips.  S.  W.,  E.  VV.  Knobel,  G.  L.  Fuller,  and  J.  W.  Moon.  Soil 
Survey  Dooly  County,  Georgia.  U.  S.  Dept.  Agr.  Soil  Survey  Rpt.  10, 
Series  1923,  305  pp.,  illus.  1928. 

Figure  3. — Many  of  the  second -growth  slash  pine  stands 
in  the  middle  coastal  plain  of  Georgia  seeded  in  on 
abandoned  farm  lands.  This  peanut  stack  pole  recalls 
the  cropland  past  of  the  George  Walton  Experimental 
Forest. 
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Figure  4. — A  burned  firebreak  around  the  perimeter  of  the  forest  protected  the  investment  from 
ravages  of  outside  wildfires. 

to  his  estimate.  Malicious  or  incendiary  burn- 
ing was  not  widespread,  but  with  no  county  fire 

protection  unit,  fires  spread  rapidly  from  one 
ownership  to  another.  Without  some  protection 
against  the  threat  of  fires  from  adjoining  lands, 
effective  management  would  be  difficult. 

To  provide  this  protection,  8-foot  parallel  fire- 
lanes  were  plowed  60  to  70  feet  apart  around  the 
perimeter  of  the  forest.  After  sufficient  frost  in 
the  fall  or  early  winter,  the  area  between  these 
lanes  was  burned  (fig.  4).  From  the  start  this 
proved  to  be  an  effective  barrier,  although  the 
cost  has  been  high.  In  the  first  4  years  alone, 
more  than  50  fires  were  stopped  by  this  break. 
Only  115  acres  were  lost  to  fires  crossing  from 
adjoining  lands  during  the  first  12  years.  Of 
significance  is  the  fact  that  adjoining  landowners, 
when  they  realized  the  importance  of  protecting 
the  experimental  forest  from  wildfire,  would  delay 
their  annual  burning  until  after  the  protective 
firebreak  was  burned.  Eventually  Dooly  County 
established  a  protection  unit  in  cooperation  with 
the  state,  and  this  added  much  to  the  effective- 

ness of  fire  prevention  and  suppression  on  the 
research  tract. 

Management  Policy 

The  principal  objective  in  the  management  of 
the  pilot  forest  was  the  test  of  a  system  of  man- 

agement aimed  at  maximum  sustained  income 

for  the  medium-size  forest  ownership.  To  reach 
this  objective,  it  was  felt  an  integrated  operation 
producing  wood,  gum,  and  stock  forage,  in  that 
order,  would  be  most  appropriate. 

To  formulate  management  policy,  it  was  first 

necessary  to  evaluate  stand  conditions  and  stock- 
ing. Detailed  type  maps  were  prepared  for  the 

forest,  and  a  100-percent  inventory  was  com- 
pleted. Local  volume  tables  ̂   in  board  feet  and 

cords  were  constructed  and  applied  to  the  inven- 
tory. A  special  study  showed  annual  growth  to 

be  approximately  200  board  feet  on  the  gross 
acre.  From  these  preparatory  measurements,  the 
following  broad  points  of  management  policy  were 
set  forth: 

1.  The  first,  or  formative,  cut  would  be  pri- 
marily a  salvage  measure  removing  decadent  old 

growth  and  worked-out  naval  stores  trees. 
2.  Each  cut,  after  the  first,  would  remove  only 

a  portion  of  the  growth  until  stocking  was  raised 
to  an  acceptable  level. 

3.  Nonstocked  areas  would  be  brought  into 

production  as  quickly  as  possible,  either  by  nat- 
ural seeding  or  by  planting. 

4.  Cull  hardwoods  would  be  controlled  suffi- 
ciently to  insure  the  dominance  of  pine. 

5.  Naval  stores  production  would  be  integrated 
with  timber  production  when  stand  conditions 

permitted. 6.  Cattle  would  be  grazed  when  and  where 

practical. 7.  A  tentative  50-year  rotation  would  be 

adopted. 
The  rotation  length  of  50  years  was  not  recog- 

nized as  necessarily  an  optimum,  but  merely  one 
sufficiently  long  to  permit  determination  of  an 

optimum. 

2  On  the  basis  of  International  J^-inch  kerf  rule  and  standard  cords. f 



A  simple  form  of  area  control  was  imposed  on 
the  pilot  forest.  The  area  was  divided  into  five 
segments  or  blocks  of  approximately  450  acres 
each  (fig.  5),  with  one  block  to  be  operated  each 
year.  This  system  provides  an  annual  income 
to  the  owner,  putting  management  in  the  proper 
perspective  from  this  standpoint. 

A  100-percent  inventory  of  all  timber  over  4.5 
inches  d.b.h.  is  made  in  each  block  at  the  com- 

pletion of  its  respective  cyclic  cut.  This  inten- 
sity and  frequency  was  considered  necessary  to 

get  an  accurate  measure  of  response  to  man- 
agement. 

Figure  5. — Map  of  the  George  Walton  Experimental  Forest  showing  the  pilot  forest  and  the 
five  blocks. 



Since  the  initial  salvage-improvement  cut,  thin- 
nings have  been  accomplished  through  a  selective 

system  in  which  the  better  quaUty  trees  are 
favored.  As  a  density  control  for  marking,  the 

spacing  rule-of-thumb  1.75  x  diameter  was  adopt- 
ed. If  the  average  diameter  of  an  area  being 

thinned  is  8.0  inches,  for  example,  the  average 
spacing  in  feet  should  be  8.0  x  1.75,  or  14  feet. 
Application  of  this  rule  results  in  a  residual  basal 
area  of  75  to  80  square  feet  per  acre. 

Although  policy  called  for  the  integration  of 
naval  stores  into  management  of  the  area,  silvi- 
cultural  considerations  were  to  take  precedence. 
Under  this  plan,  cupping  would  be  restricted 
to  those  areas  that,  from  a  silvicultural  stand- 

point, required  the  removal  of  enough  trees  9.0 
inches  and  above  to  support  a  cupping  operation. 
Since  the  forest  as  a  whole  was  seriously  under- 

stocked, opportvmities  for  cupping  operations 
were  limited. 

Cattle  grazing  was  integrated  with  forest 

management  on  the  pUot  forest  so  far  as  prac- 
tical. About  50  cows  with  calves  were  grazed  on 

approximately  1,150  acres  of  woodland  pasture. 
Forage  consisted  mainly  of  wire  grass  (Aristida 
striata  Michx.)  and  broom  sedge  {Andropogon 

virginicus  L.),  with  some  small  areas  of  carpet- 
grass  {Axonopus  affinis  Chase)  and  common 
lespedeza  {Lespedeza  striata  [Thunb.]  H.  and  A.) 
having  been  introduced.  Supplemental  feeding 
was  required  during  the  winter.  Production 
records  and  costs  of  grazing  have  been  kept 
separate  from  the  forest  operation  and  are  not 
presented  with  this  report.  The  pilot  forest  did 
benefit  through  some  degree  of  hazard  reduction 
as  a  result  of  the  grazing  (fig.  6). 

To  complete  the  management  picture,  species 
preferences  were  necessary.  The  order  of  priority 

was  slash,  longleaf,  and  loblolly.  Slash  and  long- 
leaf,  being  gum  producers,  were  selected  over 
loblolly  pine,  the  only  other  pine  species  of  any 
quantity  on  the  forest.  The  more  easily  regen- 

erated slash  pine  (fig.  7)  was  given  priority  over 
longleaf. 

RESULTS  OF  MANAGEMENT 

The  end  of  1959  marked  10  years  of  intensive 
management  on  the  pilot  forest.  Management 
followed  the  adopted  plans  and  guidelines  with 
few  exceptions.  The  first  cut  was  accomplished 
with  a  minimum  of  delay  and  removed  only 
sawtimber,  primarily  old  growth  and  worked 
out  material.  These  trees,  if  left  in  the  stand, 
would  have  invited  insect  and  disease  infesta- 

tions. Nonsalvage  material  was  removed  only 

when  necessary  to  relieve  overcrowding.  Fol- 
lowing this,  two  cyclic  pulpwood  cuts  were  made, 

one  block  of  the  area  being  operated  each  year 
(figiires  8  and  9).  During  the  winter  seasons, 

Mr.  Walton's  naval  stores  workers  friUed  and 
treated  hardwood  areas  with  2,  4,  5-T.  The  entire 
forest  was  so  treated  by  1953,  with  excellent 
results  on  upland  species  and  fair  to  good  results 

on  wet-land  species  (fig.  10).  A  naval  stores 
operation,  active  in  blocks  3  and  4  at  time  of 
the  lease,  was  completed.  These  were  the  only 

trees  cupped  during  the  10-year  management 
period.  Silvicultural  markings  on  other  areas 
did  not  remove  enough  trees  9  inches  and  above 
for  a  workable  cupping  unit. 

I 

I 

Figure  6. — Woods  grazing,  a  long-standing  practice  in  this  region,  was  continued  on  the 
fenced-in  portions  of  the  pilot  forest. 



Figure  7. — Given  a  seed  source  and  fire  protection,  abandoned  fields  are  regenerated  quite 
easily  to  slash  pine.  This  area  was  photographed  in  March  of  1948  (upper)  and  again  in 
March  of  1954  (lower). 
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Figure  8. — Early  cuttings  on  the  pilot  forest  removed 
poor  risk  and  low  quality  trees.  This  included  destructive- 

ly turpentined  old  growth  (left),  and  second  growth  trees 
such  as  this  21-inch  slash  pine  of  extremely  poor  quality 

(right). 

Figure  9. — Early  cutting  operations  on  the  forest  re- 
moved sawtimber  and  pulpwood.  Saw  logs  were  con- 

verted to  lumber  on  a  portable  mill  set  on  the  forest 
(left  photo).  Standing  in  front  of  one  of  the  first  loads 
of  pulpwood  (right  photo)  is  Forester  Norman  R.Hawley 
hand  in  pocket),  and  Cooperator  Holt  E.  Walton. 



Figure  10. — Slash  pine  reproduction  quickly  took  over 
the  areas  formerly  occupied  by  undesirable  hardwoods. 

Stand  Composition 

Slash  pine  is  aggressively  crowding  out  the 
less  active  longleaf  (table  1).  In  1948,  about  33 
percent  of  the  total  pilot  forest  acreage  was 
occupied  by  merchantable  longleaf,  and  only  17 
percent  was  in  merchantable  slash.  Some  11 
years  later  at  the  last  inventory,  merchantable 
longleaf  acreage  had  shrunk  to  27  percent  and 
slash  acreage  had  increased  to  25  percent.  This 
trend  is  also  evident  in  the  number  of  commercial- 
size  trees.  As  shown  below,  more  than  two- 
thirds  of  the  trees  were  longleaf  at  the  start, 
whereas  at  the  last  inventory  a  majority  were 
slash: 

Longleaf    Slash    Other  pine  Total 

{percent) 
First  inventory       68.50        31.12           0.38  100 

Last  inventory        47.10        52.29          0.61  100 

This  big  shift  in  acreage  and  number  of  trees 
between  longleaf  and  slash  pine  can  be  attributed 

largely  to  fire  protection.  The  more  fire-resistant 
longleaf  was  able  to  dominate  during  the  years 
before  protection;  but  given  protection  from 
fire,  slash  pine  demonstrated  its  fast  growth 
and  aggressiveness  (fig.  11).  Other  factors, 
however,  contributed  to  this  change.  A  large 
portion  of  the  179  acres  of  slash  pine  plantations 
grew  into  merchantability  between  the  first  and 
last  inventory,  and  secondly,  almost  100  acres  of 

merchantable  longleaf  had  to  be  clear  cut  follow- 
ing a  summer  fire. 

Merchantable  acreage  of  all  the  pine  species 
combined  (longleaf,  slash,  and  other)  dropped 
from  58  to  56  percent  of  the  total  pilot  forest 

area  during  the  10-year  period.    This  was  mostly 

Table  1. — Merchantable  acreage  on  the  pilot  forest  by  species  and  size  class  at  the  first  and  last  type  mappings 

Species 
First  mapping Last  mapping 

Longleaf 
Sawtimber 
Pulpwood 

Slash 
Sawtimber 
Pulpwood 

Loblolly 
Sawtimber 
Pulpwood 

Pine  mixture 
Sawtimber 
Pulpwood 

Total  pine 

Hardwood 

Total 

Acres Percent Acres Percent 

645.52 
98.93 

28.39 
4.35 

590.71 
21.29 

25.99 

0.94 

234.62 
160.87 10.32 

7.08 

355.64 
212.30 15.65 

9.34 

1.51 0.07 2.21 
0.39 

0.10 
0.02 

146.97 
32.52 

6.47 
1.43 

84.36 
6.22 

3.71 
0.27 

1320.94 58.11 1273.12 56.02 

71.51 3.15 12.34 0.54 

1392.45 61.26 1285.46 56.56 
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a  result  of  the  100-acre  clear-cut  operation 
mentioned  above.  Although  the  aim  is  to  in- 

crease merchantable  acreage  to  as  high  a  level 
as  possible,  there  will  usually  be  certain  portions 
of  the  property  that  are  not  currently  producing 
merchantable  volumes.  These  areas  may  be 
newly  regenerated  or  young  stands  that  have  not 
reached  merchantable  size,  or  areas  that  are  tem- 

porarily or  permanently  out  of  production  for 
some  reason.  Total  pine  acreage  with  adequate 
stocking,  either  merchantable  or  nonmerchant- 
able,  increased  from  67  to  72  percent  of  the 
total  area. 

In  the  nonmerchantable  acreage  classes,  the 
percentage  of  adequately  stocked  types  moved 
from  9  percent  at  the  first  mapping  to  17  percent 

at  the  last.  The  inadequately  stocked  types 
dropped  from  16  to  11  percent  (table  2).  Acreage 
in  undesirable  nonmerchantable  types  increased 
from  13  to  16  percent  of  the  total  acreage  in 
spite  of  intensive  management.  As  a  result  of 
fire  protection,  hardwood  reproduction  acreage 
almost  tripled,  going  from  52  to  137  acres.  Grass 
area  also  increased,  especially  in  the  perimeter 
firebreak,  where  annual  burning  prevented  re- 

stocking after  the  early  sawtimber  cut.  In 
addition,  very  few  of  the  many  small  grass  areas 
interspersed  among  longleaf  stands  seeded  during 

the  management  period.  Wider  rights-of-way 
were  given  to  two  state  roads  that  pass  through 
the  area,  and  this  also  contributed  to  the  increase 
of  nonstocked  acreage. 

Figure  11. — Rapid  growth  of  slash  pine  con- 
tributed to  its  selection  over  longleaf  in  the  order 

of  species  preference.  This  area  was  photo- 
graphed in  1947  (left),  and  again  2]  2  growing 

seasons  later  (right). 
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Table  2. — Nonmerchantable  acreage  on  the  pilot  forest  by  desirable  and  undesirable 
types  at  the  first  and  last  type  mappings 

Type 
First mapping Last mapping 

Desirable  types  • 
Adequate  stocking 
Inadequate  stocking 

Acres 

205.88 
372.32 

Percent 

9.06 
16.38 

Acres 

375.77 
242.81 

Percent 

16.53 
10.68 

Total 578.20 25.44 618.58 27.21 

Undesirable  types 
Hardwood-pine 
Hardwoods 
Grass 
Fields 
Roads 
Other 

73.77 
52.14 

105.72 
51.02 
15.06 
4.77 

3.25 2.29 
4.65 

2.24 0.66 

0.21 

53.20 
137.18 
123.68 
17.50 

33.82 

3.71 

2.34 

6.03 
5.44 
0.77 1.49 

0.16 

Total 302.48 13.30 369.09 16.23 

Total  all  types 880.68 38.74 987.67 43.44 

'  Pine  or  predominantly  pine. 

Stand  Structure 

Management  has  sharply  altered  stand  struc- 
ture on  the  pilot  forest.  The  most  striking 

change  is  the  decrease  in  number  of  trees  in  the 
diameter  classes  below  9  inches  d.b.h.  (fig. 
12).  Thinnings  have  been  heavily  concentrated 
in  these  sizes  and,  of  course,  growth  on  the 
residuals  has  moved  many  of  them  out  of  the 
class.  Ingrowth  from  the  preconmiercial  sizes 
has  not  been  sufficient  to  offset  the  loss.  This 
decrease  in  the  number  of  smaller  trees  does  not 

mean  that  pulp  wood  production  will  cease. 
When  most  of  the  27  percent  of  the  area  now  in 
desirable  reproduction  becomes  merchantable, 
the  number  of  pulpwood  trees  will  be  boosted 
considerably. 

Through  ingrowth  from  the  lower  diameters, 
there  was  a  gain  in  the  number  of  trees  9  inches 
and  above.  The  percentage  of  trees  classified 
as  round,  second-growth  sawtimber  more  than 
doubled.  This  movement  toward  the  larger 
diameter  classes  is  not  only  a  desirable  result  of 
management,  but  it  is  also  a  natural  development 
in  even-aged  stands  in  which  thinnings  to  reUeve 
crowding  are  predominantly  from  below. 

Total  cubic-foot  volume  stocking  has  increased 

markedly  (fig.  13).  The  increase  is  in  sawtimber- 
size  trees,  the  higher  quaUty  product.  For 
example,  volume  in  the  11-,  12-,  and  13-inch 
diameter  classes  increased  88,  103,  and  106  per- 

cent, respectively,  despite  the  fact  that  almost 
100  percent  of  the  original  volume  in  these 
diameter  classes  was  harvested.  Gains  in  the 

14-,  15-,  and  16-inch  diameter  classes  have  been 
almost  as  good.  In  the  diameter  classes  above 
8  inches,  only  the  22-inch  class  lost  volume 
during  the  study  period.  With  little  volume 
in  this  class,  the  loss  was  of  no  significance. 

Growth 

Growth  on  the  gross  acre  has  averaged  195 
board  feet  plus  0.17  cord  annually  (table  3). 
Cordwood  growth  has  been  negligible  due  to 
the  concentration  of  cutting  in  the  pulpwood 
sizes  and  lack  of  ingrowth.  One  notable  exception 

is  block  5,  in  which  several  plantations  and  repro- 
duction areas  grew  into  merchantability  (fig.  14). 

Ingrowth  accounts  for  about  one-third  of  the 
annual  board  foot  increment,  an  average  of  2.6 
trees  per  gross  acre  moving  into  sawtimber  size 
annually. 

  FIRST  INVENTORY 
   LAST  INVENTORY 

ALL  CUTS 

9       10      II       12       13       14      IS      16       17      18 

DIAMETER  CLASS  (INCHES) 

Figure  12. — Number  of  trees  per  gross  acre  by  diameter 
class  for  the  first  and  last  inventories  and  all  intervening 
cuts. 
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FIRST  INVENTORY 

LAST  INVENTORY 

ALL   CUTS 

5        6 9       10       II       12       13       14       15       16       17       18 
DIAMETER  CLASS   (INCHES) 

Figure  13. — Cubic  feet  per  gross  acre  by  diameter  class 
for  the  first  and  last  inventories  and  all  intervening  cuts. 

}^^ 

At  the  end  of  the  10-year  management  period, 
board-foot  stocking  was  90  percent  greater  than 
the  original  volume,  even  though  100  percent 
of  the  initial  voliime  had  been  harvested.  Cord- 
wood  stocking  was  reduced  to  89  percent  of  its 
initial  volume,  while  72  percent  of  the  original 
was  cut. 

Growth  is  figured  as  the  difference  between 
initial  stocking  and  residual  stocking  plus  the 
amount  cut  during  the  management  period.  For 
an  exact  measure  of  growth,  the  first  cut  on  the 
forest  should  be  excluded  from  the  calculation. 

This  was  not  possible,  since  the  first  cut  followed 
the  initial  inventory  by  as  much  as  3  years  in 
some  blocks.  Even  with  inclusion  of  the  volume 

of  the  initial  cut,  board-foot  growth  averaged 
better  than  17  percent  annually. 

Figure  14. — Old-field  slash  plantations,  like  this  one  at 
age  14,  are  adding  to  the  number  of  trees  and  volume  in 
the  lower-diameter  classes. 

For  the  area  actually  stocked  with  merchant- 
able pine  timber,  growth  figures  are  considerably 

higher.  Board-foot  growth  averaged  about  335 
feet  per  merchantable  acre,  plus  cordwood  growth 
of  about  0.34  cord. 

Expressing  all  merchantable  volume  in  cubic 
measure,  annual  growth  on  the  gross  acre  averaged 
64  cubic  feet  or  0.7  cord.  With  a  base  stocking 

of  594  cubic  feet,  this  represents  an  11 -percent 
increase  annually  (table  4 ) .  On  the  merchantable 
acre,  annual  growth  averaged  114  cubic  feet, 
or  1.2  cords.  Basal  area  growth  averaged  2.4 
square  feet  annually  on  the  gross  acre  and  4.1 
square  feet  on  the  merchantable  acre. 

Table  3. — Board  foot  and  cordwood  stocking  and  average  annual  growth,  per  gross  acre 

Stocking 
Average  annual  growth 

Block 

First  ] nventory All  cuts Last   inventory 
Volume Percent 

Cords Bd.  ft. Cords 
Bd.ft 

Cords Bd.  ft. 
Cords 

Bd.  ft. 
Cords Bd.  ft. 

1 2.77 1048 2.16 1141 1.33 2205 0.07 206 2.5 
19.7 2 3.25 1102 2.15 

1330 
2.68 1926 

0.16 
214 

4.9 

19.4 3 3.59 1212 2.15 1213 3.24 
2389 

0.16 221 

4.5 18.2 4 2.65 1401 1.67 1252 2.32 
2373 0.12 

200 

4.5 
14.3 5 2.62 853 2.85 666 3.92 1811 0.36 

139 
13.7 

16.3 

Mean  i 3.01 U30 2.18 1136 2.69 2142 
0.17 

195 5.6 

17.3 
I  Calculation  of  means  included  weighting  by  actual  acreage  in  each  block. 
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Table  4. — Average  cubic  volume  and  basal  area  stocking  and  growth  of  all  merchantable  wood  on  the  gross  and 
merchantable  acre 

Stocking 

Area First  inventory All  cuts Last  inventory 
Average  annual  growth 

Volume Basal 
area Volume Basal 

area Volume 
Basal 
area Volume 

Basal 
area Volume Basal area 

Cu.  ft. 
Sq.  ft. 

Cu.  ft. 
Sq.  ft. 

Cu.  ft. 
Sq.  ft. 

Cu.  ft. 
Sq.  ft. 

Percent 

Gross  acre 594 26.54 510 21.92 720 28.53 63.6 2.39 
10.7          9.0 

Merchantable  acre 970 45.67 833 37.72 1275 49.09 113.8 
4.11 11.7          9.0 

COSTS 

Wherever  possible,  actual  expenditures  have 
been  used  to  establish  total  costs  of  management. 
In  order  to  exclude  research  costs,  some  expenses 
are  estimated.  When  estimated  costs  were 

necessary,  a  liberal  figure  was  adopted. 
Cost  of  the  land  has  been  left  out  because  the 

aim  is  to  determine  what  the  owner  can  make 

by  growing  timber.  This  charge  would  pre- 
sumably be  the  same  whether  the  owner  grew 

timber,  farmed,  or  grazed  cattle,  and  therefore 
is  of  no  consideration  unless  the  decision  hinges 
on  land  investment  versus  some  other  business 
enterprise. 

Divided  into  capital  and  current  expenses, 

timber  management  costs  for  the  10-year  period 
amounted  to  $1.15  per  acre  per  year  (table  5). 
Included  under  capital  expenses  are  those  items 
that  occur  only  once  or  at  unspecified  times 

during  the  rotation  period.  They  are  invest- 
ments required  for  proper  management  and  are 

amortized  over  appropriate  periods.  Under 
current  expenses  are  annual  costs  that  can  vary 
from  year  to  year,  such  as  expenditures  for 
routine  management  activities  and  taxes.  Set 
apart  under  current  expenses  are  protection  costs. 

Fire  protection  has  been  expensive  because 
it  was  necessary  to  try  to  provide  complete 
protection  for  the  experimental  forest  as  a  research 
installation.  Protection  costs  for  the  pilot  forest 
have  been  prorated  on  an  acreage  basis  and  are 
therefore  similar  to  those  a  private  landowner 
would  have  to  pay  for  the  same  degree  of  pro- 

tection. Even  so,  most  owners  would  not  require 

'  so  high  a  degree  of  protection.  They  would 
depend  more  on  suppression  activities  as  needed. 

RETURNS 

Sixty-two  percent  of  the  returns  from  the  10 
years  of  management  on  the  pilot  forest  came 
from  sawtimber,  34  percent  from  pulpwood,  and 
the  remaining  4  percent  from  naval  stores.  In- 

sufficient stocking  soon  precluded  turpentining 
operations  under  a  plan  of  management  designed 
to  increase  stocking  to  an  acceptable  level. 

The  average  annual  harvest  was  205  M  board 

feet  of  sawtimber  plus  632  cords  of  pulpwood 
(table  6).  This  indicates  an  annual  cut  per 
gross  acre  of  90  board  feet  plus  0.28  cord.  Some 
of  the  trees  sold  as  pulpwood  were  actually 
classed  as  sawtimber  on  the  stump.  These 
individuals  or  small  groups  of  sawtimber  trees 
were  removed  as  thinning  measures,  but  of 

necessity  they  were  converted  as  pulpwood  be- 
cause their  volume  was  not  sufficient  to  warrant 

a  mill  or  saw  log  operation. 

Pulpwood  stumpage  prices  more  than  doubled 
during  the  10-year  period,  going  from  about  $3.00 
in  1949  to  $6.50  in  1959.  Sawtimber  stumpage 
fluctuated  very  little,  ranging  from  $27  to  $29  per 
thousand.  '  Sawtimber  sales  were  made  only 
during  the  first  5  years  of  the  management  period. 

As  outlined  below,  the  pilot  forest  has  realized 
a  net  annual  return  of  $5.88  per  gross  acre  for  the 
10  years  of  operation. 

Receipts  from  sales 
Cost  of  management 

Net  cash  return 

Value  increase  of  growing  stock : 
Board  feet  $3.01 

Cords  -0.21 

Per  gross  acre,  annually 

$4.23 

-1.15 

Net  increase 

Total  net  return 

$3.08 

$2.80 

$5.88 This  return  was  determined  simply  by  using 
the  costs  and  returns  as  previously  tabulated, 
but  without  interest  and  carrying  charges.  Value 
increase  of  growing  stock  is  based  on  1959  prices, 
and  the  slight  reduction  in  cordwood  stocking  is 
reflected  by  the  negative  charge  for  this  item. 
Including  the  increased  value  of  the  growing 
stock,  the  total  annual  net  return  for  the  entire 
pilot  forest  was  $13,365.  Assuming  $60  per  acre 
as  a  fair  estimate  of  the  value  of  land  and  timber 
at  time  of  establishment,  returns  from  the  forest 
have  been  at  the  simple  interest  rate  of  almost 
10  percent  per  annum. 

'  Since  sawtimber  was  sawn  on  Cooperator  Walton's  own  portable 
mill,  payment  was  based  on  green  chain  tally.  Conversion  has  been 
made  to  stumpage  price  per  M  board  feet  by  the  local  volume  table 
(International  J^-inch  kerf). 



Table  5. — Timber  management  costs  for  the  first  10-year  managernent  period  on  the  pilot  forest 

Item Amortization  period Annual  cost  per  acre 
* 

Capital  expenses: 
Hardwood  control 
Planting 
Pruning 
Fireline  construction 
Land  survey 
Tower 
Power  wagon,  radios 
Vehicle  depreciation 
Cruise  and  management  plan 

Current  expenses: 
Taxes 

Timber  marking 
Recurrent  cruises 
Road  and  bridge  maintenance 
Vehicle  operation 
General  supervision 

Protection: 

Burning  firebreaks 
Plowing  firebreaks 
Presuppression 
Suppression 

Total 

Years 

45 
40 
35 
50 
50 25 

15 
5 

50 

Dollars 

0.025 
0.024 

0.011 
0.002 

0.020 
0.028 
0.018 

0.024 0.059 

0.211 

0.209 

0.095 
0.040 
0.082 
0.022 

0.200 
0.648 

0.092 
0.062 

0.127 
0.013 

0.294 

1.153 

Table  6. — Harvested  products  and  receipts  for  the  first  10-year  management  period  on  the  pilot  forest 

Year 
Product 

Pulpwood Sawtimber 

Gum  1 

Total 
income 

Per  acre income 

Cords Dollars 

Mbf^ 

Dollars Dollars Dollars Dollars 
1950 48.20 144.60 638.20 18,745.30 

1,239.67 20,129.57 
8.86 

1951 561.02 15,472.93 
1,239.67 

16,712.60 
7.35 1952 479.67 14,159.86 

1,239.67 15,399.53 6.77 
1953 203.72 

5,726.57 5,726.57 2.52 1954 645.53 3,227.65 25.66 742.86 
... 3,970.51 1.75 1955 1826.99 

9,134.95 125.11 
4,618.11 

--- 
13,753.06 6.05 1956 886.80 

4,434.00 __. _-- __- 4,434.00 
1.95 

1957 1235.16 
6,793.37 

6,793.37 
2.99 

1958 859.21 4,725.65 4,725.65 
2.08 

1959 815.63 4,485.96 
4,485.96 1.97 

Totals 6317.52 32,946.18 2,053.38 59,465.63 3,719.01 96,130.82 

42.29      1 

<  On  a  lease  basis  of  15  cents  per  face.  s  International  J4-inch  kerf. 
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A  NEW  MANAGEMENT  PLAN FUTURE  PROSPECTS 

Because  work  in  the  first  10  years  has  been 
toward  improving  the  forest,  the  individual 
timber  stand  has  been  of  primary  concern.  A 
principal  objective  has  been  to  build  stocking 
to  an  acceptable  level.  Having  made  a  good 
start  toward  this,  we  adopted  a  new  plan  of 
management  in  1959. 

The  new  plan  is  aimed  toward  more  intensive 
management  through  strict  area  control.  It 

retains  the  idea  of  five  blocks  worked  on  a  5-year 
cutting  cycle,  but  each  block  has  been  modified 
to  include  ten  50-acre  cutting  units.  One  of 
these  units  will  be  clear  cut  each  year  and  pro- 

vision made  for  its  regeneration,  either  naturally 
or  artificially  (fig.  15).  Concurrently  with  each 
clear  cut,  individual  stands  in  the  block  being 
operated  will  be  thinned  as  needed. 

The  several  advantages  of  tliis  system  include 
the  concentration  of  operations  such  as  naval 
stores  (fig.  16)  and  cuttings.  This  will  aUow 
maximum  volumes  to  be  obtained  at  a  minimum 
of  administrative  costs.  Site  preparation  and 
regeneration  measures  will  be  more  efficient  and 
of  wider  latitude.  Also,  there  will  be  optimum 

opportunity  for  the  use  of  compartment-wise 
cultural  meastires  such  as  pruning,  hardwood 

control,  and  prescribed  burning.  The  long- 
range  result  of  this  system  of  management  will 

be  50  even-aged  compartments  of  50  acres  each. 

It  is  impossible  to  predict  what  future  costs 
and  returns  will  be  for  the  pilot  forest,  but  past 
experience  and  current  conditions  do  give  some 
indications.  Cost  of  fire  protection  should  be 
lower  than  in  the  past.  State-county  protection 
units  are  highly  reliable  and  effective  in  surveil- 

lance and  attack,  and  pubhc  attitude  is  now  such 
that  bvirning  the  perimeter  firebreak  is  no  longer 
imperative.  Taxes  will  be  higher  during  the  next 
decade;  they  increased  from  17  cents  per  acre  in 
1949  to  43  cents  in  1960.  Routine  management 
costs  should  not  change  too  much  from  what 
they  have  been  in  the  past,  and  possibly  might  be 
cheaper  with  the  new  management  plan.  It  is 
assumed  that  any  rise  in  costs  caused  by  an 
increase  in  the  general  economy  wiU  be  offset  by 
similar  rises  in  the  prices  received  for  forest 

products. 
Increased  profits  on  the  pilot  forest  wUl  de- 

pend mainly  on  greater  production  of  salable 
material.  With  stocking  in  1959  almost  double 
what  it  was  in  1949,  volume  growth  will  be 
considerably  better.  During  the  first  10  years, 
the  average  sawtimber  tree  advanced  from  56  to 
74  board  feet.  A  similar  increase  in  the  next  10 

years  wiU  mean  an  average  sawtimber  tree  of 
100  board  feet.  Also,  the  quality  of  timber  stands 
will  continue  to  improve  through  selective 
thinnings.  More  voltime  and  better  quality 
timber  concentrated  in  areas  to  be  clear  cut  will 
be  more  attractive  to  prospective  buyers. 

Figure  15. — Under  the  management  plan  of  1959,  a  50-acre  unit  of  the  pilot  forest  is  clear 
cut  each  year,  with  artificial  regeneration  to  follow  where  necessary  within  2  years. 
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Figure  16. — Poor  stand  conditions  required  the  ex- 
clusion of  naval  stores  on  most  of  the  pilot  forest  during 

the  first  10  years.  These  conditions  have  been  remedied, 
and  gum  production  is  again  scheduled  annually. 

Future  profits  on  the  pilot  forest  will  also  be 
related  to  the  forest  economy  of  Georgia  and  the 
Southeast.  Daily  pulping  capacity  in  Georgia 
increased  from  5,340  tons  in  1949  to  better  than 

8,000  tons  in  I960.*  The  outlook  is  for  addi- 
tional expansion  of  this  industry,  which  means 

continued  demands  for  wood  supplies.  Al- 
though the  lumber  industry  did  not  have  a 

comparable  increase  during  this  period,  there 
are  heartening  reports  concerning  the  southern 
pine  lumber  business.     Size  and  quality  of  logs 

'  Christopher,  Joe  F.,  and  Martha  E.  Nelson.  Southern  pulpwood 
production,  1960.  U.  S.  Forest  Serv.  South.  Forest  Expt.  Sta.  Forest 
Survey  Release  85,  29  pp.  1961. 

are  increasing,  offering  lumber  which  is  able  to 
compete  favorably  with  fir  imported  from  the 
West.  Also,  a  good,  economical  grade  of  pine 
plywood  is  now  possible,  which  will  mean  an 
almost  new  market  for  southern  pine.  Income 

from  naval  stores  under  the  new  plan  of  manage- 
ment should  show  a  big  increase  during  the 

next  decade. 

For  this  pilot  forest,  and  areas  like  it,  future 
returns  may  not  be  as  spectacular  as  they  have 
been  during  the  1949-1959  period,  but  certainly 
a  fair  profit  can  be  expected  for  the  effort  and 

investment  of  properly  managing  this  medium- 
size  holding. 



SUMMARY  AND  CONCLUSIONS 

The  pilot  forest  on  the  George  Walton  Ex- 
perimental Forest  represents  the  medium-size 

forest  ownership  in  the  middle  coastal  plain  of 

Georgia.  This  2,200-acre  forest  of  slash  and 
longleaf  pine  has  been  under  planned  management 
for  10  years.  Gross  earnings  have  been  $7.03 
per  acre  per  year,  with  an  annual  cost  of  $1.15 
per  acre. 

Slash  pine  is  aggressively  crowding  out  the 
less  active  longleaf  in  acreage  and  the  commercial 
size  classes.  The  progress  of  slash  pine  can  be 
attributed  largely  to  fire  protection,  which  has 
also  permitted  a  slight  gain  in  the  area  occupied 
by  undesirable  hardwood  reproduction  types. 
In  spite  of  intensive  management,  the  total 

acreage  in  merchantable  pine  has  failed  to  in- 
crease; in  fact,  it  has  dropped  sUghtly. 

Timber  stands  on  the  pilot  forest  are  generally 

in  a  much  better  state  of  growth  now.  Board- 
foot  stocking  at  the  end  of  10  years  had  been 
increased  by  90  percent  of  the  initial  volume, 
whQe  cutting  had  removed  a  volume  equal  to 
100  percent  of  the  original  volume. 

Most  of  the  cuttings  thus  far  on  the  forest 
have  been  toward  improving  the  timber  stands. 

Early  sawtimber  operations  removed  large  vol- 
umes of  over-mature  and  decadent  longleaf  and 

lobloUy  pine,  and  destructively  turpentined 
slash  and  longleaf.  Subsequent  thinnings  have 
been  concentrated  in  the  pulpwood-size  classes 
and  have  been  essentially  thinnings  from  below. 

This  has  considerably  reduced  the  number  of 
pulpwood-size  trees  and  concentrated  residual 
volume  in  the  sawtimber-size  classes.  However, 
reproduction  of  the  first  10  years  of  management 
is  just  recently  starting  to  grow  into  merchant- 
abUity,  reinforcing  the  number  of  pulpwood  trees. 

From  this  report  of  the  first  10  years  of  manage- 
ment on  the  pilot  forest,  the  following  conclusions 

can  be  drawn: 

1.  The  medium-size  forest  ownership  of  2,000 
to  2,500  acres  can  be  operated  as  an  independent 
and  self-sustaining  unit  in  the  middle  coastal 
plain  of  Georgia. 

2.  Given  effective  fire  protection  on  under- 
stocked areas,  slash  pine  stands  wiU  readily  ex- 

pand in  area  and  density  through  the  regenerative 
and  fast  growth  habits  of  the  species. 

3.  In  spite  of  intensive  management,  acreage 
actually  growing  merchantable  timber  volumes 
on  the  average  forest  holding  is  not  likely  to 
increase  beyond  certain  limits,  even  when  cutting 
is  restricted  to  improvement  cuts  and  thinnings. 

4.  Average  cord  wood  growth  rates  of  10  per- 
cent or  better  are  possible  on  young,  understocked 

longleaf-slash  pine  stands.  Sawtimber  growth 
rates  of  15  to  20  percent  can  be  realized. 

5.  Sawtimber  ingrowth  in  young,  Ughtly 

stocked  stands  of  longleaf-slash  pine  is  such  that 
the  original  stocking  may  be  virtually  doubled 

over  a  10-year  period  while  most  of  the  original 
volume  is  harvested. 

6.  Excluding  interest  on  the  investment,  a 
return  of  10  percent  is  possible. 
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During  the  course  of  a  study  on  the  nutrient  content  of  foliage  of 
loblolly  pine  (Pinus  taeda),   weight  determinations  and  nutrient  analyses 
were  made  on  all  aboveground  parts  of   10  trees.      The  data,   although 
limited  in  scope,   are  being  presented  because  of  the   scarcity  of  such 
information  in  the  literature,    and  should  be  helpful  to  those  interested 
in  the  nutrient  cycle. 

ME  THODS 

Field 

The  10  trees,   each  from  a  different  plantation,   were   cut  during 
March  1961  on  or  near  the  Calhoun  Experimental  Forest  in  Union  County, 
South  Carolina.    They  were  growing  on  common  Piedmont  soils,  such  as 
Cecil,   Cataula,    Lloyd,   and  Iredell,    and  the  original  spacing  varied  from 
6x6  to  8x8  feet.      None  of  the  stands  had  been  thinned  or  pruned,   but 
some  mortality  had  occurred  in  the  older  plantings. 

Trees  selected  for  analysis  were  average  with  respect  to  diameter, 
height,   and  size  of  crown.      No  attempt  was  made  to  cover  a  great  range 
of  sites,   ages,    or  sizes  of  trees  because  these  plots  were  originally  in- 

stalled for   another  purpose.      The  site  quality  of  the   plots  varied;   over 
half  the  trees  cut  were  7  or  8  years  old,   their  total  height  ranged  from 
8.0  feet  to  2  3.3  feet,  and  diameter  at  ground  level  ranged  from  2.8  inches 
to  6.9  inches. 

Each  tree  was  cut  at  ground  level  and  its  total  height  was  measured. 
Diameter  measurements  were  taken  at  ground  level  and  at   2 -foot  inter- 

vals to  the  top  of  the  tree.   The  trees  were  divided  into  the  upper,  middle, 
and  lower  thirds  of  the  live  crown  and  all  material  below  the  live  crown. 

All  material  in  each  of  these  four  segments  was  kept  separate  for  weight 
determinations  and  nutrient  analyses. 

All  needles  and  branches  were  removed  separately  and  classified 
by  age   groups   as   one  year  old  or   less,    and   more  than  one  year  old. 
Branch  sections  were  further  classified  as  living  or  dead.    The  bark  was 
removed  from  the  main  stem  but  not  from  the  branches.     The  stemwood 



referred  to  in  the  tables  includes  all  wood  from  the  base  of  the  tree  to 
the  terminal  shoot.      The   main  stem  below   the   live  crown  was   cut  into 

6-foot  lengths  with   each  length  sampled  to   increase  the   accuracy   of 
weight  determinations  on  the  longer  stems. 

Laboratory 

All  material  was  transported  to  the  laboratory  within  2  hours  after 
felling  and  the  fresh  weights  recorded.  We  then  determined  the  ovendry 

weight  by  drying  samples  to  a  constant  weight  at  60°  C.  in  a  forced- draft 
oven.  If  the  part  of  the  tree  being  dried  weighed  5  pounds  or  less,  it  was 
placed  in  the  oven  in  toto.  If  it  weighed  more  than  5  pounds,  the  ovendry 
weight  was  determined  from  samples.  The  moisture  values  were  then 
applied  to  the  tree  part  for  calculating  total  dry  weight. 

Several  hundred  grams  of  ovendry  material  from  each  part  of  each 
tree  were  ground  in  a  Wiley  mill  to  a  size  that  would  pass  through  one  mm. 
openings.      This  material  was  stored  in  airtight  containers  until  analyzed. 

Total  nitrogen  was   determined  by  the  Kjeldahl  method.     Calcium, 
magnesium,    potassium,    and  phosphorus  were   determined   as   follows: 

a  2  to  5  gram  sample  (ovendry  60°  C, )  was  ashed  in  a  muffle  furnace  at 
400°  C.   for  4  hours.    The  ash  was  taken  up  in  10  ml.   of  8  N  HCl,  diluted 
to  100  ml.   volume,  and  then  filtered.     A  25  ml.   portion  was  analyzed  for 

Ca  and  Mg  by  the  flame  photometric  method  of  Wells  and  Corey .''■    For  K, 
a  10  ml.   portion  was  diluted  to  5  0  ml.  with  water   and  analyzed  with  a 

Beckman  DU  flame  spectrophotometer.^    Phosphorus  was  determined  in 
a  10  ml.  portion  by  the  molybdovanadate  color  method.^    Ash  was  deter- 

mined by  ashing  a  5  to  10  gram  sample  in  a  muffle  furnace  at  600°  C,   for 
4  hours.     Most  samples  were  analyzed  in  duplicate,   and  any  value  which 
appeared  in  error  was  rerun. 

RESULTS  AND  DISCUSSION 

Weight  of  Trees 

Spatial  distribution  of  weight  varies  with  size  of  the  tree  (table  1). 
For  the  small  trees  in  this  study,   about  half  the  weight  is  in  the  needles. 
The  percentage  of  the  total  weight  in  the  needles  slowly  declines  and  for 
the  largest  tree  the  needles  constitute  only  4.7  percent  of  the  total  weight. 
The  weight  of  the   stemwood  varies   directly  with  the   size   of  the  tree. 
For  the  small  tree  it  makes  up  about  a  quarter  of  the  total  weight;   for 
the  larger  trees  it  makes  up  over  two-thirds  of  the  weight. 

^Wells,  C.  G.,  and  Corey,  R.  B.  Elimination  of  interference  by  phosphorus  and  other 
elements  in  the  flame  photometric  determination  of  calcium  and  magnesium  in  plant  tissue.  Soil 
Sci.  Soc.   Amer.   Proc.  18:  326-330.     1954. 

^Jackson,  M.  L.  Soil  chemical  analysis.  Prentice-Hall,  Inc.,  Englewood  Cliffs,  N.  J. 1958. 



Table  1.  --Size,   weight  of  tree  parts,   and  percentage  of  weight  in  tree  parts, 
for  10  loblolly  pine  trees 

Tree 
Age 

Diameter 
of  base 

Height Ovendry  weight'' 
Total 

number Needles Stemwood Stembark Branches 
Total 

Years Inches Feet 

1 7 2.8 8.0 711.3 
(38.0%) 

532.4 
(28.4%) 

338.1 
(18.1%) 

289.3 
(15.5%) 1,871.1 4.12 

2 7 2.8 10.0 1,253.3 
(43.3%) 

706.8 

(24.4%) 
395.1 

(13.6%) 
541.1 

(18.7%) 2,896.3 6.39 

3 7 4.1 
10.6 

1,724.9 (2  9.8%) 2,132.3 (36.9%) 
818.2 

(14.2%) 1,101.3 
(19.1%) 5,776.7 

12.74 

4 7 4.3 13.2 
2,722.0 (29.5%) 3,174.0 (34.4%) 1,100.4 (11.9%) 2,240.9 

(24.2%) 
9,237.3 

20.36 

5 7 5.0 
17.1 

3,456.8 
(26.5%) 5,390.0 (41.4%) 1,840.7 (14.1%) 2,346.0 (18.0%) 13,033.5 

28.73 

6 8 5.6 
20.5 

3,376.2 (24.2%) 6,097.9 (43.6%) 1,923.6 (13.8%) 2,569.4 (18.4%) 13,967.1 
30.79 

7 8 6.9 23.3 
3,563.2 (14.5%) 

13,093.1 
(53.1%) 3,403.6 (13.8%) 

4,585.9 (18.6%) 
24,645.8 54.33 

8 
13 

8.3 35.6 
4,211.9 (9.7%) 25,136.2 (57.7%) 5,603.2 

(12.9%) 
8,583.2 (19.7%) 43,534.5 

95.98 

9 21 7.5 
45.8 

2,776.0 
(5.0%) 

39,103.5 
(70.9%) 6,879.1 (12.5%) 6,426.6 (11.6%) 55,185.2 

121.66 

10 21 9.6 46.4 
4,171.4 (4.7%) 61,686.1 (70.0%) 8,848.6 (10.0%) 13,475.4 (15.3%) 88,181.5 194.40 

^  The  percentage  value  beneath  each  figure  shows  the  percentage  of  the  total  weight  in  that 
particular  part  of  the  tree. 

The   percentage   of  weight   in  the   stembark   changes    slowly,    and 
steadily  decreases  as  the  tree  becomes  larger.    For  the  smallest  tree  it 
makes  up  18  percent  of  the  dry  weight  and  for  the  largest  tree  10  percent. 

The  percentage   of  total  tree   weight  in  the  branches  is  variable, 
primarily  as  a  result  of  variation  in  stand  density  and  its  effect  on  crown 
length  and  width.  Wind  and  ice  storms,  as  well  as  genetic  factors,  cause 
variation  in  crown  characteristics.     The  weakest  part  of  the  data  in  this 

study  is  the  weight  of  the  branches.     The  plantations  suffered  from  sev- 
eral ice   storms  and  so  the  branch  weight,    although  satisfactory  for  the 

South  Carolina  Piedmont,  may  not  be  a  good  estimate  for  the  entire  range 
of  the  species.      A  bias  also  exists   in  the  branch  weight  because  we  ex- 

perienced  difficulty   in  collecting  dead  branches   which  broke   from   the 
stems  when  the  trees  were  felled.      For  the  trees  analyzed   in  this  study, 
the  percentage  of  total  weight   in  the  branches  ranges  from  11.6   to  24.2 
percent.   There  was  no  apparent  relationship  between  total  branch  weight 
and  size  of  trees. 



Moisture  Content 

The  average  moisture   content  of 
percentage  of  the  dry  weight   (table  2). 

Table  2. --Average  moisture  content  of 
10  trees  as  a  percentage  of  the  oven- 
dry  weight 

Tree  part Percentage 

Stemwood 

Upper  5  crown 
151.3 

Mid  i  crown 148.8 

Lower  §  crown 145.2 

Below  crown 130.9 

Average 144.7 

Stembark 

Upper  §  crown 
140.1 

Mid  3  crown 124.3 

Lower  3  crown 
103.1 

Below  crown 78.2 

Average 113.2 

Needles 

Less  than  one  year  old 108.4 

Over  one  year  old 104.5 

Average 106.8 

Branches 

Less  than  one  year  old 108.4 

Over  one  year  old 106.7 
Dead 48.7 

Average 99.3 

the  10  trees  was  computed  as  a 
There  is  considerable  variation 

between  trees  for  the  stemwood; 
thus,    the    differences    between 
parts  of  stem  are  not  significant. 
For   stembark  there  is  a  direct 
correlation    between    moisture 
content   and    height  of  the  bark 
above  ground.   Although  there  was 
variation    between    the    10  trees, 
the   same  height- moisture  con- 

tent relationship  held  for  all  ten. 

There  was  no  relationship 
between    location    on    tree    and 
moisture  content  for  the  needles; 
thus,   all  needles  with  the  same 

year   of  origin  were  lumped  to- 
gether.  Also,  there  was  little  re- 

lationship between  age  of  needles 
and  their  moisture  content.    The 
moisture  content  of  the  branches 

closely    paralleled    that    of    the 
needles.      However,    the    dead 
branches  had   appreciably  less 
moisture  than  any  living  part  of 
the  tree.      The    fresh    and  dry 
weights  for  Tree  10,   one  of  the 
several   sample   trees   of  pulp- 
wood  size,    are  shown  in  table  3. 

Table  3.  --Fresh  and  dry  weight,   in  pounds,   of  parts  of  Tree  10^ 

Weight Needles Stemwood Stembark Branches 
Total 

Fresh Dry 
18.18 288.00 

136.00 

30.86 

19.50 

49.00 

29.70 

386.04 

194.40 

"■  Computed  from,  data  of  this  tree  and  not  averages  shown  in  table  2. 

Nutrient  Content 

Of  the  five  elements  studied,    nitrogen  was  present  in  the  greatest 
percentage  in  all  parts  of  the  trees,  followed  in  order  by  potassium,  cal- 

cium,   magnesium,   and  phosphorus   (table  4),      An  exception  occurred  in 
the  branches,  where  the  percentage  of  calcium  exceeded  that  of  potassium. 



Table  4.  --Percentage  composition,   on  dry  weight  basis,   of  five  elements 
for  the  parts  of  10  trees  studied 

NITROGEN 

T ree  number 

Tree  part 

Average 

1 2 3 4 5 6 7 8 9 10 

Needles 1.031 0.920 1.134 1.062 1.076 1.035 0.961 1.063 0.995 0.886 
1.016 

Stembark .509 .499 .582 .424 
.420 .423 .397 .370 .310 

.278 

.421 Stemwood .202 .186 .190 .137 .157 
.131 .123 

.110 
.067 .072 .138 Branches .398 .402 

.407 
.306 

.301 .280 .233 .277 
.314 .320 .324 

PHOSPHORUS 

Needles .092 .093 .103 .107 .093 
.094 .107 .104 

.098 .099 .099 
Stembark .075 .089 .090 .065 .055 .047 

.067 .052 .043 .047 .063 Stemwood .030 .031 .027 .020 
.021 .019 .019 .016 .010 

.012 .020 Branches .049 .058 .043 .040 .036 
.033 .041 .046 

.036 
.046 .043 

POTASSIUM 

Needles .348 
.357 

.244 .462 .505 .372 .730 .568 
.345 

.378 .431 Stembark .333 .286 .294 .391 .408 .224 
.519 .300 

.182 .210 .315 Stemwood .128 .123 .092 .108 .111 .089 .148 .089 

.054 

.081 .102 Branches .180 .199 .109 .191 .185 .146 
.242 .236 

.154 
.221 .186 

CALCIUM 

Needles .240 .387 .337 .284 .258 .329 .242 
.316 .235 

.242 .287 Stembark .211 .317 .291 .208 .139 .135 .131 
.173 .340 .190 .214 Stemwood .063 .079 .070 .066 .061 .063 .053 .064 .065 .055 .064 Branches .239 .318 .326 .224 .176 .218 .169 .248 .259 .209 .239 

MAGNESIUM 

Needles .150 .099 .188 
.113 .091 .090 .103 .143 .126 .129 

.123 Stembark .113 .088 .093 .090 .069 
.071 

.081 
.086 .120 

.079 
.089 

Stemwood .033 .027 .030 .027 .028 
.027 .025 

.023 .024 .020 
.026 Branches 

.081 .059 .071 .061 .056 .056 .049 
.066 

.064 .052 
.062 

The  needles  had  the  greatest  percentage  of  all  five  elements  studied, 
followed  by  the   stembark,   branches,   and  stemwood.      Again  the  only  ex- 

ception was  the   calcium  content  of  the  branches- -it  was  higher  than  that 
of  the  bark. 

The  weight  of  the  nutrients  in  the  trees  can  be  computed  by  multi- 
plying the   ovendry  weight  times   the   percentage   composition  values 

(table  5).   The  total  weight  of  the  five  elements  and  the  total  tree  weights 
are  listed  at  the  bottom  of  the  table.   Beneath  this  is  the  percentage  con- 

tribution of  all  five  elements  to  the  total  dry  weight  of  the  tree. 

The  basic  data  for  the  10  trees  (Appendix,  tables  6  through  15), 
except  for  the  ash  content,  have  been  summarized  (tables  4  and  5).  The 
ash  content  is  correlated  directly  with  the  mineral  content.     The  richest 



part  of  the  tree  with   respect  to  mineral  elements,   the  needles,   has  an 
ash  content  of  over  2  percent.    The  stemwood,  the  part  of  the  tree  lowest 
in  mineral  elements,   has  an  ash  content  around  one-half  percent. 

For  the  five  elements  studied,    comparisons  can  be  made  between 
the  various  divisions  within  any  one  tree  part.    Some  of  these  relation- 

ships are  consistent  with  all  the  trees;   e.g.,  the  increase  in  magnesium 
content  in  the  stembark  with  increase  in  height  above  ground.     Others, 
such  as  the  calcium  content  of  the  wood,   do  not  seem  to  be  too  strongly 
correlated  with  position  in  the  tree. 

Table  5. --Weight  of  five  elements  in  parts  of  10  loblolly  pine  trees 

NITROGEN 

Tree  part 

Tree  number 

10 

7.35 12.13 20.35 29.71 37.51 37.05 44.88 27.43 Needles 38.17 

37.93 

Stembark 1.48 1.68 4.22 3.93 
6.59 7.02 10.51 

14.08 14.07 16.18 

Stemwood 1.00 1.26 
3.43 

3.65 
6.94 6.56 

12.61 
18.57 18.62 

29.09 

Branches 1.10 1.73 4.24 
6.28 

6.55 
7.22 9.12 

17.77 15.02 32.37 

Total 10.93 16.80 
32.24 43.57 58.25 

58.31 69.29 95.30 75.14 
115.57 

PHOSPHORUS 

Needles 

.65 
1.16 1.80 

2.86 3.28 3.22 

3.72 
4.39 2.68 3.88 

Stembark 

.20 .25 .56 

.54 
.75 

.71 

1.44 1.80 1.65 2.57 
Stemwood 

.16 .18 .4  6 .56 

.92 

1.01 1.85 2.71 

2.83 

5.13 
Branches 

.13 
.27 

.44 .74 .77 .75 1.49 
2.21 

1.47 
3.76 

1.14 3.26 4.70 5.72 5.69 11.11 

8.63 

15.34 

POTASSIUM 

Needles 2.42 4.23 4.04 12.14 17.12 
12.39 

22.14 24.09 

9.87 

15.88 

Stembark 
.95 .96 

1.85 2.76 5.03 3.45 
8.57 

7.64 7.63 11.19 

Stemwood 
.70 .76 

1.69 
3.00 

4.76 
4.79 12.82 

14.32 17.01 35.44 
Branches 

.51 .98 1.17 3.53 4.01 3.34 
8.39 

10.85 

6.17 

18.65 

Total 4.58 6.93 8.75 21.43 30.92 
23.97 

51.92 56.90 
40.68 

CALCIUM 

Needles 1.79 4.93 
5.60 

7.27 
8.60 

8.39 8.69 
12.44 

6.64 9.98 
Stembark 

.67 
1.30 2.42 1.98 

2.43 
2.43 4.12 8.92 18.18 11.91 

Stemwood 

.34 
.56 

1.48 2.14 
3.52 

3.92 

7.55 
17.44 27.21 37.01 

Branches 
.70 1.80 

3.27 
4.94 

3.95 
5.38 

8.31 

22.41 17.22 30.43 

Total 3.50 12.77 18.50 20.12 28.67 61.21 69.25 

MAGNESIUM 

Needles 1.10 
1.38 

3.22 
3.29 3.21 

2.99 4.06 
5.53 

3.33 

5.45 
Stembark 

.34 .28 .69 .77 1.02 
1.12 2.02 

2.95 
4.68 4.10 Stemwood 

.16 
.17 

.57 
.75 

1.39 1.55 2.68 4.80 8.29 
12.24 

Branches 

.22 .30 .69 

1.16 
1.27 1.29 2.06 3.71 2.94 5.53 

Total 1.82 2.13 5.17 
5.97 6.39 

6.95 

10.82 16.99 
19.24 

27.32 

Nutrient  wt.' 
21.97 36.31 62.19 92.00 120.28 115.04 169.20 241.51 212.94 328.72 

Tree  wt.^ 1,871.1 2,896.3 5.776.7 9,237.3 13 
,033.5 

13 967.1 

24 

645.8 

43 

,534.5 

55 185.2 

88 

181.5 

Percentage^ 1.17 1.25 1.08 1.00 
0.92 

0.82 0.69 0.55 0.39 0.37 

'Sum  of  elements  for  tree  in  grams. 
Total  ovendry  weight  of  tree  in  grams  (from  table  1). 

Percentage  of  total  tree  weight  in  elements  measured. 



The  total  weight  of  the  elements  in  the  tree  increases  as  the  tree 
becomes  larger.  However,  the  weight  of  these  nutrients,  as  a  percentage 
of  the  total  tree  weight,  decreases  as  the  trees  become  larger.  For  the 
smallest  tree,  the  five  elements  make  up  1.17  percent  of  the  total  weight; 
for  the  largest  tree,  they  make  up  0.37  percent.  This  is  a  reflection  of 
the  greater  proportion  of  the  weight  of  the  larger  tree  in  stemwood-- 
material  comparatively  low  in  nutrient  content. 

The  distribution  of  the  five  elements  on  a  weight  basis  (table  16)  is 
related  to  size  of  the  tree.     There  is  a  definite  change  in  the  location  of 
the  elements   as  the  tree  becomes  larger.      Age  is  not  a  useful  criterion 
in  these  data  because  of  the  wide  range  of  sizes  within  age  groups.    For 
the  smallest  trees,   over  half  of  the  elements  are  in  the  needles.     As  the 
tree  becomes  larger  the  proportion  in  the  needles   decreases,   just  as  the 
weight  of  the   needles   decreases  with  respect  to  the  total  tree  weight. 
The  bark  contains  from  15  to  2  0  percent  of  the  elements,   regardless  of 
tree  size.     The  stemwood  in  the  small  trees  contains  10  to  15  percent  of 
the  elements.      As  the  trees   grow   larger  the  wood   makes  up  a  greater 
part  of  the  total  tree  weight  and  this  percentage  increases  to  from  25  to 
45  percent.    The  proportion  of  elements  in  the  branches  is  low  in  small 
trees   and   slowly  increases   as  the   trees   get  larger.     The  quantity  of 
elements  in  branches  of  larger  trees  varies  because  of  the  variability  of 
the  number  and  sizes  of  branches  retained  on  a  larger  tree. 

There   is  a  relationship  between  d.b.h.   and  the  total  content  of 
nitrogen,  phosphorus,  potassium,  calcium,  and  magnesium  (fig.  1).     The 
lack  of  smoothness  in  the  curves   reflects  the   variability  among  trees. 

Variability  appeared  to  be  greatest  for  potassium,   as  previously  indi- 

cated by  foliar  analysis  by  Wells   and   Metz.^     The   data  indicated  an 
almost  constant  rate  of  accumulation  of  nitrogen,   potassium,   and  phos- 

phorus as  the  diameter  increased.    Calcium  and  magnesium  accumulated 
at  a  greater  rate  in  the  larger  trees.    Because  of  the  decrease  in  rate  of 

diameter  growth  as  the  trees  become  larger,  the  annual  rate  of  accumu- 
lation of  the  elements  in  the  trees  decreased  as  the  trees  became  larger. 

Management  of  forest  land  usually  means  that  wood,  and  the  nutri- 
ents tied  up  in  this  material,  will  be  periodically  removed  from  the  site. 

Data  in  this   paper   can  be  useful  for  estimating  the  nutrients  removed 
from  the  site.   An  example  of  such  use,  for  a  hypothetical  cord  of  loblolly 
pine  pulpwood,   follows. 

Assuming  that  an  average  cord  of  loblolly  pine  has  a  fresh  weight 
of  5,000  pounds  and  a  dry  weight  of  2,500  pounds,   the  dry  material  would 
consist  of  about  2,250  pounds  of  wood  and  250  pounds  of  bark.     Using  the 

nutrient  content  of  the   "below  crown"  portion  of  Tree  10  (table  15),   this 
removal  would  amount  to  0.25  pound  of  phosphorus,  1.52  pounds  of  potas- 

sium,   1.69  pounds  of  calcium,    0.56  pound  of  magnesium,  and  1.44  pounds 
of  nitrogen.      These  amounts   include   nutrients   in  both  the  wood  and  the 
bark  (table  17). 

^Wells,    C.   G.,    and  Metz,    L.  J.     Variation  in  nutrient  content  of  loblolly  pine  needles  with 
age,    soil  and  position  on  the  crown.     Soil  Sci.   Soc.    Amer.    Proc.  27:  90-93.     1963. 



150 

140 

130 

120 

10  — 

to 

I  100 
y> 

^   90 

Sy  80 

UJ    70 
k ^    60 

1^0 

1 1 1 1 

/O
- 

— 

— 

^  / 

^[t^      n/- 

V  /  1 

^r. 

f  '/-- 

^ 
^ V 

/ 

/^/ 

'\  /  - 

— 

/ 

/ 

^ 

/ 

/       / 

/ 
/ 

Mg    .-' 

— /    . 

_• 

^  *• 

— 

1  ?^.- 

-/
"'
 

.__  ---::-- -'-p  ■ '-^-   

J'.^-' 

401 — 
30 

20 

10 

0 3  4 
D.B.H.  (INCHES) 

Figure  1. --Relationship  between  d.b.  h.  and  weight  of  N,    P,   K,   Ca, 
and  Mg  in  10  loblolly  pine  trees. 

If  a  tree  such  as  10,   which  is  pulpwood  size,  is  cut  to  a  4 -inch  top, 
then  89  percent  of  the  stem  would  be  removed  from  the  site.     However, 
from  the   nutrient  standpoint  this   wood   contains   only  45  percent  of  the 

phosphorus  in  the   standing  tree,    51  percent  of  the  potassium,   49  per- 
cent of  the  calcium,    53  percent  of  the  magnesium,    and  35  percent  of  the 

nitrogen. 

There  is  a  continual  flow  of  nutrients  in  the  forest  from  the  soil  to 

the  tree  and  then  back  to  the  soil.    Except  for  nitrogen  and  such  things  as 
sulfur,   added  from  rainfall,    all  of  these  nutrients   must  come  from  the 

soil.      Deep-rooted   vegetation,    such   as   trees,    acts   as  a  redistributing 
agent  and  brings  to  the  surface  mineral  elements  from  deep  in  the  soil 
profile.     When  wood  is  removed  from  a  site  the  mineral  elements  in  this 
material  are  lost  to  the  site.     The  effects  of  this  loss  on  site  quality  are 
not  known  at  the  present  time. 
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Table  16. --Percentage  of  weight  of  individual  elements  in  tree  parts 

NITROGEN 

Tree  part 

Tree  number 

1 2 3 4 5 6 7 8 9 10 

-  -  Percent  -  -  - 

Needles 67 72 63 68 66 65 54 47 36 33 

Stembark 
14 

10 

13 

9 11 12 15 15 19 14 

Stemwood 9 8 11 8 

12 11 

18 19 

25 25 

Branches 
10 

10 13 15 11 12 13 19 20 28 

PHOSPHORUS 

Needles 
57 62 

55 

61 

57 57 44 

40 

31 25 

Stembark 18 13 17 12 13 12 17 

16 

19 17 

Stemwood 
14 

10 14 

11 

16 

18 22 24 33 33 

Branches 11 
15 

14 

16 14 13 17 20 17 

25 

POTASSIUM 

Needles 53 
61 

46 

57 

56 

52 

43 42 24 19 

Stembark 21 14 21 13 16 14 16 14 19 14 

Stemwood 15 11 

19 
14 

15 

20 25 

25 

42 44 

Branches 11 14 14 16 13 14 16 19 

15 

23 

CALCIUM 

Needles 
51 57 

44 

45 

47 42 30 20 10 11 

Stembark 19 
15 

19 12 13 

12 

15 15 

26 

13 

Stemwood 10 7 12 

13 

19 

19 26 

28 39 42 

Branches 20 21 

25 

30 21 27 29 37 25 34 

MAGNESIUM 

Needles 
60 

65 

63 

55 47 43 38 33 

17 

20 

Stembark 
19 

13 

13 

13 15 16 

18 

17 24 

15 

Stemwood 9 8 11 13 

20 22 25 28 

43 45 

Branches 12 14 13 19 18 19 19 22 16 20 

Table  17.  --Weight  of  five  elements  removed  in  an  average  cord  of  loblolly  pine 

P K 

Ca 

Mg 

N 

0.068 

0.180 

0.285 

1.238 

Bark 

Wood 

0.320 

1.372 

0.105 

0.450 

0.430 

1.012 

Total 0.248 1.523 1.692 0.555 1.442 
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Forest  land  managers   charged  with  operating  and  developing  an 
outdoor  recreation  complex- -whether  large  or  small,  public  or  private- - 
constantly  face  a  host  of  management  decisions.     What  are  my  cleanup 
and  maintenance   needs?     What  uses   and   facilities   should  be   provided? 
Should  I  expand?     Should  I  add  new  units?     These  questions  are  not  easy 
to  answer.      And  before  sound  judgments  can  be  made,   it  is  necessary  to 
determine  approximately  how  much  and  what  kind  of  recreation  use  the 
area  is  receiving. 

Two  principal  types  of  forest  recreation  use  are  generally  recog- 
nized:   mass  use  and  dispersed  use.     The  one  which  occurs  on  developed 

sites- -areas  provided  with  picnic  tables,   fireplaces,    sanitary  facilities, 
and  the  like- -is  commonly  referred  to  as  mass  recreation  use  because 
of  its  concentrated  nature.    The  other,  which  occurs  on  large,  contiguous 

areas  of  forest  land  that  normally  contains  little  or  no  facility  develop- 
ment (other  than   roads   and  trails),   is  usually  designated  as  dispersed 

recreation  use.      Examples   of  dispersed  uses   include  hunting,   fishing, 
hiking,   and  driving  for  pleasure. 

Numerous  techniques  have   been  tested  for   estimating  mass  rec- 
reation use,  and  several  have  been  quite  successful.     Studies  by  Marcus 

et  al.  (1961),  James  and  Ripley  (1963),    Bury  and  Hall  (1963),    Bury  (1964), 
and  Wagar  (1964)   are  noteworthy. 

Studies  to  measure  dispersed  recreation  use  on  forested  lands  have 
received  far  less  attention  than  recreation  use  measurement  on  developed 
sites.    Robson  (1960)  and  Overton  and  Finkner  (1960)  reported  on  sampling 
concepts   and   procedures  for   estimating  total  and   component  types   of 
dispersed  recreation  uses,    such  as  hunting  and  fishing. 

^The  authors  are,  respectively.  Project  Leader,  Forest  Recreation  Research  Project, 
Southeastern  Forest  Experiment  Station,  U.S.  Forest  Service,  Asheville,  N.  C,  and  Recreation 
Staff  Assistant,    National  Forests  in  Florida,    Tallahassee,    Fla. 



The  simple  outdoor  pleasures- -hiking,    swimming,   hunting,   fishing,   and  camping- 
are  ones  Americans  seek  most. 



A  study  conducted  in  1961-62   by  Cushwa  and  McGinnes  (1963)  to 
estimate  dispersed  recreation  use  on  a  100- square -mile  portion  of  the 
George  Washington  National  Forest  in  Virginia  demonstrated  that  ac- 

ceptable estimates  could  be  obtained  using  a  stratified  random  sampling 
plan.     Their   study  area  contained   18  exits   from  which  recreationists 
could  leave   the  Forest.      The   subsequent  question,    however,    whether 
acceptable   estimates   of  mass  and  dispersed  types  of  recreation  uses 
could  be  economically  obtained  from  a  large   National  Forest  still  was 
not  answered.      Could  an  area,   for  example,    having  several  hundred 
square   miles,    and   containing   several  hundred   exits,    be   effectively 
sampled? 

This  study  reports  on  a  pilot  test  to  estimate  both  mass  and  dis- 
persed recreation  use  on  a  complex,    heavily-used  National  Forest. 

Sampling  procedures   largely  worked  out  in  simpler   situations  were 
tested  for  a  difficult  sampling  situation.     The  basic  sampling  plan  used 
in  the  Virginia  effort  to  estimate  dispersed  recreation  use  was  modified, 
and  a  1-year  study  was  conducted  on  the  Ocala  National  Forest.    In  addi- 

tion,  a  regression  model  tested  by  James  and  Ripley  (op.   cit. )  was  used 
to   estimate   mass   recreation  use   on  heavily-used,    unattended   sites. 
Collectively,   these  methods   provided  a  simultaneous  test  of  techniques 
specified  to  yield  acceptable  estimates  of  all  recreation  use  on  the  Ocala, 
and  at  the  same  time  provided  data  on  the  users. 

THE  STUDY  AREA 

The  Ocala  National  Forest,   containing  approximately   671  square 

miles,^     is  located  in  north-central  Florida  and  provides  opportunities 
for  recreation  of  many  kinds.     The  two  Ranger  Districts  which  comprise 
the  Forest- -Seminole  and  Lake  George- -contain  more  than  20,000  acres 
of  lakes   and  ponds,   over   150  miles   of  rivers,    14  developed   sites,    12 
widely  used  undeveloped   sites,    162  residence   sites,    and  5  sites   for 
organization- sponsored  recreational  activities.    The  Forest  offers  some 
of  the  finest  bass  fishing  waters  in  the   United   States.      Big-game  and 
small- game  hunting  is   excellent.      Travelers  from  every  state  in  the 
Nation,   plus  many  from  foreign  lands,   visit  the  Ocala  National  Forest. 

Two  state  highways,   Florida  19  and  40,   cut  across  the  Forest  and 
offer  excellent  access  to  the  Forest  from  several  nearby  metropolitan 
areas.     An  internal  network  of  approximately  500  miles   of  paved  and 
graded  roads  provides  additional  access  to  the  many  and  varied  recreation 
attractions  (fig.  1). 

'361,029  publicly- owned  acres  within  an  exterior  boundary  of  429,210  acres. 
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Figure  1. --Recreation  sites  and  road  network  on  the  Ocala  National  Forest,   Florida. 



PROCEDURES  AND  TECHNIQUES 

Two   sampling  models  were   employed  over   a   1-year  period  to 
measure  visits  and  visitor  hours  of  use:    double -sampling  and  stratified 
random   sampling.      The  double -sampling  technique  was  used  on  three 
heavily  used    developed    recreation    sites    (Alexander  Springs   on  the 
Seminole  Ranger  District,  and  Mill  Dam  and  Juniper  Springs  on  the  Lake 
George  Ranger  District)  from  May  15,  1963,  to  May  14,  1964.    This  tech- 

nique entailed  developing  a  ratio  between  the  desired  statistic  (visits,  total 
recreation  use,  etc)  and  traffic  counts  by  simultaneously  measuring  both. 
Pneumatic  traffic  counters  were  placed  at  the  entrances  of  the  three  de- 

veloped sites  to  tally  total  vehicle   crossings.      The  counters  were  read 
daily  during  the   sample  year.      The  number  of  people  visiting  the  area 
and  the  use  levels   on  recreational    facilities    were    determined  hourly 

during  a  12-hour  period  on  20  randomly  selected   sampling  days  during 
the  year.      Ten  of  these   samples  were  taken  during  the  summer  (high 
use)  season  (May  15  -  September  2,  1963)  and  10  during  the  off  (low  use) 
season  (September  3,  1963  -  May  14,  1964).    Half  the  samples  were  taken 
during  weekends  and  holidays,   and  half  during  weekdays.     Detailed  in- 

structions  for  using  the  double- sampling  technique   are   reported  by 
James  and  Ripley  (op,   cit. ). 

Simple  stratified   random  sampling,   which  entailed  interviewing 

visitors  as  they  left  the  respective  Ranger  District  at  established  road- 
blocks,  was  employed  to  measure  all  other  use  of  the  entire  Forest, 

including  use  on  all  developed  sites  except  the  three  covered  by  double- 
sampling.      Independent  estimates  were  obtained  for   each  of  the  two 
Ranger  Districts  for  a  sampling  year  extending  from  April  1,  1963,   to 
March  31,  1964. 

Total  sampling  opportunity,  based  on  sampling  all  exits  24  hours 
each  day  during  the   entire   sampling  year,    was  2,969,640  hours  (339 
exits  X  24  hours  x  365  days).     This  type  of  total  census  is,  of  course,  so 
difficult  and  expensive  that  it  is  impractical.    Desired  limits  of  accuracy 
and  cost  of  sampling  were  paramount  in  deciding  how   many  sampling 
units  were  to  be  taken.    Because  no  presampling  had  been  done  to  deter- 

mine coefficients  of  variation  and  sample  size,    it  was  necessary  to  base 
sampling  intensity  on  recommendations  made  by  Cushwa  and  McGinnes. 
Using  their  formula,   which  defined  the  relationship  between  number  of 

sampling  units   and  expected  error  limits,   we  calculated  that  approxi- 
mately 240  samples  per  District  would  be  needed  to  meet  our  specifica- 

tions.  To  assure  sampling  adequacy  in  the  event  some  units  were  missed 
during  the  year,    a  total  of  2  75    samples  was  drawn  for  each  District 

(actually,   the  number  of  units  missed  during  the  year  because  of  sick- 
ness,  firefighting  activities,   etc.,  was  only  12  on  the  Seminole  and  10  on 

the  Lake  George  District), 

Sampling  effort  was  allocated  in  approximate  proportion  to  expected 
recreation  use;  stratification  was  dictated  by  the  following  criteria:  exits 
of  heavy,  moderate,  and  light  expected  use;  type  of  exit;  high,  moderate, 
and  low  use  periods;   time  of  day;   and  day  of  week. 



The  information  obtained  by  the  yearlong  sampling  study  of  recreation  use  on  the 
Ocala  National  Forest  is  extremely  valuable.  For  example,  it  will  tell  the  forest 
manager  how  many  parking  spaces  must  be  provided  (above),  and  what  capacity 
sewage  treatment  plant  is  needed  on  heavily-used  developed  sites  (such  as  the  one 
shown  below  at  Alexander  Springs). 

i&i^^sfijr-: 



stratification  Number  of  strata 

Exit  class  Class  A  (high  use) 
Class  B  (moderate  use) 
Class  C  (low  use) 

Exit  type Peripheral  (P) 
Interior  (I) 

Expected  use  period 
High 

Moderate 

Low 

Tim.e  of  day 

Day 

Night 

Day  of  week  Weekend/holiday Weekday 2 

Total  strata  (3x2x3x2x2)  72 

Experience  has  shown  that  certain  strata  receive  little  or  no  use 

during  the  year.    An  example  is  nighttime  use  on  Class  C  (low  use)  roads 

during  low  expected  use  periods.     Accordingly,    all  strata  classes  which 
were  expected  to  receive  little  or  no  use  were  not  sampled.      Only  56  of 

the  possible  72  strata  classes   were   actually   sampled  (appendix  tables  1 
and  2).      The   small  bias   introduced  would  only  tend  to  underestimate 

slightly  the  number  of  visits  and  visitor  hours  of  use. 

First,    all  exits  were   examined  and  classified  according  to  the 

amount  of  use   they  were  likely  to   receive  during  the   sampling  year. 
Three  exit  classes  were  established: 

Class  A  exits--high  expected  use 
Class  B  exits --moderate  expected  use 
Class  C  exits- -low  expected  use 

Length  of  sampling  period  (length  of  time  a  roadblock  was  manned) 
varied  between  exit  class:    2  hours  on  Class  A  and  Class  B  exits,   and 

4  hours  on  Class  C  exits. ^ 

It  was  neither  safe  nor  practical  to  establish  roadblocks  on  the  sev- 

eral heavily  used,   high-speed  State  roads   located  on  the  Ocala  National 

Forest,  and  roadblock  sampling  was  necessarily  limited  to  the  low- speed 
Forest  Service  roads.    Further  stratification  of  road  exits  was  necessary. 
Exits  which    moved    visitors    off    the    respective    District    were   called 

peripheral  exits;    road  intersections  which  did   not  necessarily  move 
visitors  directly  off  the   respective  District  were   called  interior   exits. 
Sampling  allocation  was  based  on  a  1:1  ratio  of  peripheral  to  interior 
exits   on  the   Seminole   District,   and  on  a  3:7  ratio  on  the   Lake  George 
District  (appendix  table  3). 

^Sampling  period  length  was   adjusted  inversely  to  the  expected  flow  of  traffic  because  of 
anticipated  differences  in  the  number  of  parties  leaving  per  unit  of  time  by  type  of  exit. 



Recreationists  spent  over  7|  million  hours  camping  on  developed  and  undeveloped 
areas.  This  was  the  highest  single  use,  comprising  almost  one-third  of  all  rec- 

reational activity  on  the  Ocala  National  Forest. 



The  yearlong  sampling  period  was  stratified  into  three  use  classes- - 

high,   moderate,   and  low --based  on  expected  intensity.     For  example,   the 
high-use  period  included  the  summer  vacation  period,   opening  days  of  the 
hunting  and  fishing  seasons,   etc.   (appendix  table  4). 

Time-of-day  stratification  was  made  to  obtain  use  estimates  during 
daytime  and  nighttime  hours.      The  hours  of  sunrise  and  sunset  were  the 
controlling  factors    in    this    stratification,   and  the    strata    from  which 
sampling  units  were   drawn  varied  in  length  during  different  seasons  of 
the  year  (appendix  table  5). 

One  further  time  stratification,  based  on  day  of  week,   was  made  to 
obtain  use  estimates  for  weekdays  vs.  weekends  and  holidays. 

A  sampling  calendar,  showing  where  and  when  each  sample  was  to 
be  taken,   was   prepared  for  each  District  by  randomly   selecting  the 
designated  number  of  sampling  units  in  each  strata  class. 

A  roadblock  was  used  at  the  scheduled  exit  and  was  manned  for  the 

designated  period  of  time;   i.e.,    2  hours  on  Class  A  and  Class  B  exits, 
and  4  hours  on  Class  C  exits.      The  position  of  roadblocks  on  all  exits 
was  carefully  chosen  to  allow  motorists  ample  warning.     Three  portable 
caution  signs  were  erected  at  each  roadblock.   Two  were  placed  approxi- 

mately 100  yards  on  either  side  of  the  roadblock.    A  third  was  erected  at 
the   checkpoint,    facing  traffic  leaving  the   area.      These   signs,    made 
according  to  Florida  Highway  Department  specifications,   were  covered 
with  reflective  material  to  insure  better  visibility.     Because  this  study 

was  designed  to  operate  24  hours  a  day,    a  light  stand  powered  by  a  port- 
able generator  was  used  at  night.      As  an  added  precautionary  measure, 

a  battery-powered,   yellow  blinker  light  was  placed  on  each  caution  sign 
facing  traffic  leaving  the  area. 

Forest  Service  personnel  interviewed  someone  from  each  household 

represented  in  every   car  that  exited  during  the  sampling  period.     Pri- 
marily,  the  interview  was  designed  to  obtain  information  concerning  how 

much  and  what  kind  of  use  each  household  made  of  the  Forest.     In  addi- 
tion, a  number  of  personal  questions  were  asked  in  order  to  characterize 

the   socioeconomic   status   of  each  household  represented  in  an  exiting 

party*   (see  appendix  figure  1). 

Because  parties  leaving  interior  exits  might  or  might  not  be  plan- 
ning to  leave  the  respective  Ranger  District,   it  was  first  necessary  to 

determine  their  immediate  destination.     A  questionnaire  was  completed 
only  on  visitors  planning  to  leave  the  respective  District  immediately. 
A  complete  questionnaire  was  obtained  from  all  households  who  had  de- 

voted part  or  all  of  their  time  since  their  last  entry  into  the  Forest  to 

some  recreational  pursuit.    Only  a  few  questions  were  asked  if  the  exit- 
ing party  had  devoted  all  of  their  time  in  commercial,   residential,    or 

other  non- recreational  activity. 

*  Socioeconomic  relationships   are  not  discussed  in  this  report.     A  separate  report  will  be 
prepared  covering  this  phase. 
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During  the  interview,   each  exiting  household  was  asked  how  much 
time  they  had  spent  at  Alexander  Springs,    Mill  Dam,   or  Juniper  Springs, 
depending  on  the  Ranger  District  involved.      Recreation  use  on  these 
sites  was  not  included  in  the   questionnaire  totals   because  estimates  of 

this  use  were  obtained  by  the  double -sampling  procedure. 

ANALYSIS  OF  DATA 

Multiple  regression  analyses  were  performed  to  generate  recreation 
visit  and  use   estimates   on  the  three  heavily  used  developed  sites.     De- 

tailed analytical  procedures  are  described  by  James  and  Ripley  (op.  cit. ). 

In  our  stratified  random  sampling,  the  following  formulae  (Cochran 
1953)  were  used  to  compute  means,   estimates,   variances,   and  standard 
errors  of  estimates  for  each  type  of  use  sampled  by  individual  stratum: 

(a)    Stratum  mean,  — — n where  SX  =  sum  of  visits  or  man-hours 
use  during  all  sampling  units 
in  an  individual  stratum. 

n  =  total  number  of  samples  taken 
in  individual  stratum. 

LX (b)    Stratum  total,   N-^,   where  N 
total   number   of  sampling 
units  available  for  sampling 
in  individual   stratum.      N  is 

product  of  (P)  and  (R),   where 
(P)  =  number  of  sample  periods 
available,    and   (R)    =   number 
of  exits. 

2;x=  -  <52ir (c)    Variance  of  the  mean. 
n(n-l) 

(d)    Variance  of  total  estimate 
for  stratum. 

N'
 

LX' 

(Lxr 

n(n-l) 

(e)    Standard  error  of  the  estimate. 

EX' 

(Exr 

n(n-l) 

Use  data  recorded  on  questionnaires   for  each  exiting  household 

were  edited  and  summarized  for  each  sampling  period  on  an  edit- punch 
form.     The  data  were  punched  on  standard  IBM  cards,   and  the  analyses 
run  on  an  IBM  7072  computer. 



RESULTS  AND  DISCUSSION 

Number  of  Visits 

The  estimate  of  total  visits  is  the  sum  of  visits  to  developed  sites 
(determined  by  double- sampling)  and  visits  to  all  other  portions  of  each 
District  (from  stratified  random  sampling).     Duplication  of  counting  was 
avoided  by  asking  all  exiting  parties   at  the   time  of  interview  whether 
they  had  visited  one   or  more  of  the  developed  sites,   depending  on  the 
Ranger  District  involved.     These  reported  visits  were  subtracted  from 
total  visits  to  eliminate  duplication  between  sampling  models. 

Over  1  million  visits  were  estimated  on  the  Seminole  District,   and 
almost  I  million  on  the  Lake  George  District  (table  1).    Number  of  visits 
on  each  District  cannot  be  added  to  provide  an  unbiased  estimate  of  total 
visits  to  the  entire   Ocala  National  Forest  because   some  duplication  in 
number  of  visits   may  result.      As  an  example,    persons  were  classified 
as  bona  fide   visitors  to  a  respective   District  once  they  exited  that 
District  boundary,  whether  through  interior  or  peripheral  exits.     It  was 
possible,  therefore,  for  a  person  to  be  tallied  as  a  visitor  to  the  Seminole 
District  and  then  possibly  tallied  again  as  a  visitor  to  the  Lake  George 
District  if  he  visited  that  District   shortly  thereafter  and  was  again 
sampled  upon  exiting.    The  probability  of  being  sampled  in  both  Districts 
within  a  short  period  of  time,   however,   was  low. 

Estimates  of  Visitor  Hours 

A  regression  model  estimated  recreation  use  on  the  three  heavily 
used  developed  sites,   and  a  stratified  random  sampling  model  gave  us 

estimates  of  all  other  uses  on  each  Ranger  District.^     It  was  necessary 
to  determine  from  all  exiting  households,  at  time  of  interview,  how  much 
time  they  had  spent  at  one  or  more  of  the  developed  sites,   depending  on 
the  particular  District  involved.   All  time  spent  at  the  developed  site  was 
subtracted  from  total  time  spent  on  the  District  to  prevent  duplication  of 
recreation  use  estimates  between  sampling  models.     Thus,   we  obtained 
independent  estimates   from  each  of  the  sampling  models  and  estimates 
of  use  are  directly  additive. 

Data  from  881  completed  questionnaires,  plus  estimates  generated 
by  double -sampling  on  the   three   developed   sites,   produced  a  total  use 
estimate- -recreation,   commercial,    residential,   and  other- -of  almost 
29  million  man-hours  of  use  on  the  Ocala  National  Forest  (tables  2,  3,  4, 

and  5).     Of  this  toted,   83.8  percent  (24,212,639  man-hours)  was  devoted 
to  some  form  of  recreation;    11.4  percent  (3,294,460  man-hours)  to  resi- 

dential use;   4.7  percent  (1,357,542  man-hours)  to  commercial  use;   and 
0.1  percent  (36,314  man-hours)  to  other  use. 

It  should  be  noted  that  the  yearlong  sampling  period  differs  slightly  between  sampling 
models;  i.e.,  dispersed  uses  sampling  was  done  from  April  1,  1963,  to  March  31,  1964;  double- 
sampling  from  May  15,  1963,  to  May  14,  1964.  It  is  believed,  however,  that  this  minor  difference 
in  sampling  dates  has  little  or  no  effect  on  the  combined  yearlong  estimates  of  visits  and  use. 
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Table  1.  --Total  estimates  and  errors  for  number  of  visits  on  two  ranger  districts, 
Ocala  National  Forest 

SEMINOLE  RANGER  DISTRICT 

Area Expected  use  period Visits 
Error  at  67-percent 

confidence  level 

Number 

Alexander Springs 

High  use^ 

91.169 

Alexander Springs 

Low  use^ 

28,107 

Seminole 

High  use^ 

629,007 

Seminole 
Moderate  use^ 

218,301 

Seminole 

Low  use^ 
63,714 

Total 1,030.298 

Percent 

3.0 

12.6 

11.7 

LAKE  GEORGE  RANGER  DISTRICT 

Mill  Dam 

Mill  Dam 

Juniper  Springs 

Juniper  Springs 

Camp  Kiwanis 

Lake  George 

Lake  George 

Lake  George 

Total 

High  use^ 

Low  use^ 

High  use^ 

Low  use^ 

High  use^ 

High  use^ 
Moderate  use' 

Low  use^ 

24,495 

14,959 

66,897 

59,543 

1.390' 

188,612 

74,863 

46,603; 

477,362 

3.0 

2.5 

2.0 
2.5 

15.5 

^  May  15  -  September  2,   1963. 
^September  3,  1963  -  May  14,  1964. 
^See  appendix  table  4. 

Seasonal  Distribution  of  Visits  and  Recreation  Use 

The  data  were  analyzed  to  determine  the  distribution  of  visits  and 
recreation  use  during  the  periods  of  expected  use  upon  which  sampling 
was  based;   namely,    heavy  and  light  expected  use   seasons  on  the  three 
developed  sites,   and  high,    moderate,   and   low  expected  use  periods  on 
all  portions  of  the  Forest. 

Most  recreationists  visited  the  Ocala  during  the  high  expected  use 
periods;   i.e.,   during  the  summer  vacation  period  and  during  the  hunting 
and  fishing   seasons.     Sixty-four  percent  of  all  visits  to  the  three  de- 

veloped  sites,    and   67  percent  of  visits  to  all  other   areas,    occurred 
during  the  high  expected  use  periods.      A  considerable  number  of  rec- 

reationists,  however,   visited  the   Ocala  other  than  during  the  high  use 
period  (table  6). 



Sheer  enjoyment  in  the  winter  sun;   a  family  picnic. 



Table  2.  --Total  estimates  and  errors  for  each  type  of  use  sampled  on  the 
Seminole  Ranger  District,   Ocala  National  Forest 

Type  of  use 
Man-hours  of  use Error  at  67-percent 

confidence  level 

COMMERCIAL 

RESIDENTIAL 

OTHER 

RECREATION  (Total) 

Number 

Alexander  Springs 1,322,149 

Recreation  residences 2,261,084 

Developed  area^ 
camping 

2,387,518 

picnicking 308,763 

swimming 557,507 
boating 0 

fishing 271,585 

nature  study 0 

sightseeing 122,389 
hiking 

4,896 
other 62,541 

Subtotal 3,715,199 

Undeveloped  area 

camping 
2,278,750 

picnicking 130,754 

swimming 361,203 

boating 

6,408 fishing 
2,169,237 

hunting 
2,225.206 

nature  study 
12,420 

sightseeing 1,007,460 
hiking 0 

other 363 

Subtotal             * 8,191,801 

260,615 

3,050,897 

6,804 
15,490,233 

Percent 

26.5 

28.0 

100.0 

28.4 

6.7 

43.2 

28.4 

32.3 

45.3 

38.6 

46.0 

100.0 

65.6 

26.4 

76.0 

45.7 

55.6 

76.6 

28.6 

62.8 

100.0 

26.2 

100.0 

40.2 

Grand  total,    all  uses 18,808,549 

^Excluding  recreation  use  on  Alexander  Springs. 
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Table  3.  --Total  estimates  and  errors  for  each  type  of  use  sampled  on  the 
Lake  George  Ranger  District,   Ocala  National  Forest 

Type  of  use 
Man-hours  of  use Error  at  67-percent 

confidence  level 

COMMERCIAL 

RESIDENTIAL 

OTHER 

RECREATION  (Total) 

Subtotal 

Undeveloped  area 

camping 

picnicking 

swimming 

boating 

fishing 

hunting 

nature  study 

sightseeing 
hiking 

other 

Subtotal 

Grand  total,   all  uses 

Number 

Juniper  Springs 1,046,988 

Mill  Dam 594,576 

Camp  Kiwanis^ 99,105 

Recreation  residences 5,118,756 

Developed  area^ 
camping 474,062 

picnicking 9,753 
swimming 296 

boating 0 

fishing 
75,409 

nature  study 
3,324 

sightseeing 
3,061 

hiking 296 

other 16,955 

583,156 

90,858 

7,383 

5,283 

5,169 
213,069 

807,483 

58,369 

90,213 

0 

1,998 

1,279,825 

1,096,927 
243,563 

29,510 

8,722,406 

Percent 

83.7 

36.9 

37.4 

35.4 

2.0 

4.4 

40.1 

55.7 
75.8 

100.0 

75.6 

100.0 
71.7 

100.0 
95.9 

48.5 

71.0 
71.0 

73.0 

76.0 

35.5 

49.7 

68.9 
48.4 

100.0 

34.6 

10,092,406 

^Estimate  based  on  permittee  registration  records. 
^Excluding  recreation  use  on  Juniper  Springs,    Mill  Dam,    and  Camp  Kiwanis. 



Table  4.  --Total  estimates  and  errors  for  each  type  of  use  sampled  for  the  entire 
Ocala  National  Forest  (both  districts  combined) 

Type  of  use 
Man-hours  of 

use 

Error  at  67-percent 
confidence  level 

-----  Number Percent 

COMMERCIAL 1 
357 

542 67.8 

RESIDENTIAL 3 294 
460 

26.1 

OTHER 36 
314 

35.7 

RECREATION  (Total) 

24 

212 639 
22.2 

Alexander  Springs 1,322,149 6.7 

Juniper  Springs 1,046,988 2.0 

Mill  Dam 594,576 4.4 

Camp  Kiwanis 99,105 
-- 

Recreation  residences 7,379,840 
30.8 

Developed  area^ 
camping 

2,861,580 
25.4 

picnicking 318,516 
31.4 

swimming 557,803 
45.3 

boating 0 -- 
fishing 346,994 34.4 

nature  study 
3,324 

100.0 

sightseeing 125,450 44.9 
hiking 

5,192 

94.5 

other 79,496 55.5 

Subtotal 4,298,355 

23.8 

Undeveloped  area 

camping 
2,369,608 

73.2 

picnicking 138,137 
43.4 

swimming 366,486 54.8 

boating 
11,577 54.5 

fishing 
2,382,306 

26.2 

hunting 
3,032,689 

47.9 

nature  study • 70,789 59.5 

sightseeing 1,097,673 
24.4 

hiking 
0 -- 

other 
2,361 

85.0 

Subtotal 9,471,626 
35.0 

Grand  total,   all  uses 28,900,955 

^Excluding  recreation  use  on  Alexander  Springs,   Juniper  Springs,    Mill  Dam,   and 
Camp  Kiwanis. 



Table  5.  --Estimates  and  associated  error  terms  for  recreation  visit  and  use  estimates  at 
Alexander  Springs,  Juniper  Springs,    Mill  Dam,   Ocala  National  Forest, 

May  15,    1963,    to  May  14,    1964 

Type  of  use 

Alexander  Springs Juniper  Springs Mill  Dam 

Estimate 

Accuracy'' 

Estimate 

Accuracy  ̂  

Estimate 

Accuracy  '^ 
Hours Percent Hours Percent Hours Percent 

Camping  use 779,050 11.0 538,324 
2.0 

301,981 6.0 

294,998 4.6 274,588 1.9 199,023 2.7 

Picnicking  use 35,160 9.0 17,831 7.0 

4,010 8.0 5,237 
28.6 

22,011 
6.5 1,905 6.7 

Swimming  use 109,355 4.0 
50,557 

1.0 
37,294 

6.0 

0 -- 
14,589 

6.9 
8,997 6.2 

Boating-fishing  use 12,599 8.0 
5,870 8.0 

6,417 5.0 
3,100 

27.2 

5,731 
7.2 

3,850 

5.8 

Miscellaneous  use 56,832 
.. 

62,431 3.0 15,888 4.0 

26,367 20.7 
54,937 2.7 

15,213 
6.4 

Total  recreation  use^ 992,996 8.0 675,125 2.0 365,588 6.0 

329,153 
5.3 

371,863 1.9 228,988 2.8 

Number Percent Number Percent Number Percent 

Total  visits 

^91,169 
3.0 

66,897 
2.0 24,495 

3.0 

"28,107 
12.6 

59,543 
2.5 14,959 

2.5 

^Percent  error  at  67-percent  confidence  level. 
^  Minor  differences  may  exist  between  total  use  estimate  and  sum  of  all  component  uses  due 

to  rounding  errors. 

^Heavy-use  season,    period  May  15  to  September  2,    1963. 
*Low-use  season,    period  September  3,    1963,   to  May  14,    1964. 

The  seasonal  distribution  of  recreation  use,    as  expected,   followed 
a  pattern  similar  to  visitation,   with  69  percent  on  the  three  developed 
sites  and  82  percent  on  all  other  portions  of  the  Forest  occurring  during 
the  high  expected  use  season.    Considerable  recreation  use,   roughly  5  or 
6  million  man-hours,  occurred  during  the  moderate  and  low  expected  use 
periods  (table  6). 

Precise  estimates   of  number  of  visits   and  amount  of  recreation 

use  by  season  are  not  important  or  meaningful.    What  is  important,  how- 
ever,   is  a  knowledge  of  the  approximate  magnitude  of  use  which  occurs 

at  times  other  than  during  the  summer  vacation  period,  or  during  hunting 
and  fishing  seasons,    because   recreation   areas   receiving  moderately 
heavy  use  during  fall  and  winter  months  must  receive  continuing  service 
and  maintenance.     With  the   possible   exception  of  a  few   northern  rec- 

reation areas  equipped  with  facilities  for  winter  sports,  this  is  a  problem 
of  unique  concern  to  recreation  managers  in  areas  of  mild  winters. 
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CONCLUSIONS 

The  intensive  yearlong  sampling  effort  cost  approximately  $15,000; 
$5,000  for  estimates  of  mass  recreation  use,   and  $10,000  for  estimates 
of  dispersed  recreation  use.      A  first  reaction  to  this   price  tag  might  be 
that  it  was  too  expensive.     A  close  look  at  what  the  expenditure  actually 
bought,   however,    may  dispel  such  fears. 

Sampling  the  heavy,    concentrated   recreation  use   at  Alexander 
Springs,    Mill  Dam,   and  Juniper  Springs  was  most  rewarding.     Very 
precise  estimates  were  obtained  for  all  types  of  use  investigated.    It  is 
thought  that  relationships  established  from  this  sampling  effort  can  be 
used  to  provide  estimates   for  several  years  from  vehicle  counts  only. 
Prorated  over  a  5-year  period,   annual  sampling  costs  run  about  $1,000 
for  all  three  sites,   or  approximately  $350  per  site. 

The  estimates  of  dispersed  recreation  use  from  the  stratified  ran- 
dom sampling  model  have  provided  us   with  a  close  approximation  of  the 

number  of  visitors  to,   and  amount  of  use  on,   the  Ocala  National  Forest 

during  the    1-year   sampling  period.       The   results   can  be  likened  to  a 
timber  cruise  where  the  end  product  is  an  estimate  of  current  volume. 
The  stratified  random  sampling  effort  has,  however,  provided  more  than 
just  an  estimate  of  current  use.    We  have  obtained  a  considerable  amount 
of  additional  information  about  the  forest  user.    The  personal  interviews 
obtained  from  recreationists  as  they  left  the  Forest  will  tell  us  who  our 
customers  are,   and  where  they  come  from.    This   information  is  of  vital 
concern  to   recreation  managers,   and  is  perhaps  even  more  important 
than  knowing  how  much  and  what  kind  of  recreation  use  occurs. 

It  is  apparent  from  the   George  Washington  and  Ocala  National 
Forests  sampling  studies,  however,  that  precise  estimates  of  dispersed 
recreational  activities,    such  as  hunting,   boating,   hiking,   fishing,   and 

others  cannot  be  obtained  by  low-intensity  sampling.     Precise  estimates 
of  these  varied  uses  can  only  be  obtained  by  substantially  increasing  the 
total  number  of  samples  to  be  taken.     Sampling  is  costly,   however,    and 
practical  limits  are  soon  reached.      But  are   precise   estimates  of  these 

activities  really  needed?     The  estimates  obtained  by  the  stratified  ran- 
dom sampling  model,   even  though  accuracy  may  be  less   than  desired, 

are  still  of  considerable  value  to  the  recreation  manager.    They  are  very 
useful  in  assessing  the  relative  magnitude  of  component  recreation  use. 

A  serious  limitation  inherent  in  the  use  of  the  stratified  random 

sampling  model   stems   from  its   inability  to  predict  visits  and  use  in 

future  years.     But  this  is  not  an  insurmountable  problem,   and  the  prob- 
able answer  lies  in  developing  some  suitable,  but  highly  complex,   mul- 
tiple variant  model  on  which  future  estimates  can  be  based.     This  is  not 

a  simple  matter.   It  may  be  possible  that  continuous  traffic  count  records 
from  several  key  forest  roads,   together  with  other  important  indicators, 

might  provide  the   "missing  link."     This  important  phase  in  the  develop- 
ment of  prediction  models  needs  further  investigation. 
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The  Ocala  National  Forest  contains  more  than  20,000  acres  of  lakes  and  ponds,  and 
150  miles  of  river.  Water-oriented  activities,  such  as  boating,  swimming,  and  fishing, 
received  almost  4  million  hours  of  use. 



The  Ocala  National  Forest  was   selected  for  the   sampling  study 
because  of  its  large  size,   intricate   road  network,    and  the   seemingly 
endless  hours  of  sampling  opportunity  available.    It  was  a  tough  test.    If 
the  basic  sampling  techniques  worked  on  this  Forest,   they  could  be  ex- 

pected to  work  on  practically  any  other  recreation  unit.   The  two  sampling 
techniques,   used   simultaneously,   worked  well,    and  it  appears  that  only 
slight  modifications  need  be  made  in  the  stratified  random  sampling  plan 
to  accommodate   almost  any  combination  of  area  size  and  road  network 
pattern. 
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APPENDIX 

A  view  of  the  swimming  area  at   Alexander   Springs.     This  area  received  almost 
10  percent  of  the  1,2  00,000  hours  of  swimming  use  on  the  Ocala  National  Forest. 
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Appendix  table  2.  --Allocation  of  sampling  effort,   by  strata,   Ocala  National  Forest 

Period 

of 
week 

Period 
of 

day 

Exit Expected  use 

period 
class High Moderate 

Low 
Total 

A 9.0 5.6 2.9 

17.5 Day 

B 12.0 
2.9 

2.2 17.1 

Weekends- 
C 

4.1 
1.8 0 5.9 

Holidays A 
2.2 1.8 

0 

4.0 
Night B 1.8 1.8 0 3.6 

C 1.5 
1.8 

0 

3.3 

A 15.7 
4.4 

2.9 
23.0 

Day 

B 
4.1 

2.2 2.2 8.5 

C 
4.1 

1.8 
0 

5.9 Weekdays 
A 

2.2 
1.8 0 4.0 

Night B 1.8 1.8 0 3.6 

C 1.8 1.8 0 

3.6 

Total 60.3 
29.5 

10.2 
100.0 

Appendix  table  3.- -Summary  of  road 
exits  by  Ranger  District,  Ocala 
National  Forest 

Exit 
District 

class 

Seminole^ Lake  George^ 
Number 

Al^
 

12 16 

Ap*
 

18 2 

Bl 

29 

22 

Bp 

16 

3 

Cl 

62 

116 

Cp 

35 8 

Total 
172 

167 

^Does  not  include  Alexander 

Springs  exit. 
Does  not  include  exits  from 

Mill  Dam  and  Juniper  Springs. 
^Indicates  interior  exit. 

*  Indicates  peripheral  exit. 



Appendix  table  4.  --Recreation  use  periods, 
Ocala  National  Forest 

Classification  Inclusive  dates  Length  of  period 

High  use 

Jan.  1   -  Jan.  6 

Mar.  15  -  April  30 

June  15  -  Labor  Day 

Nov.  15  -  Dec.  31 

180  days 

Moderate  use 
Jan.  7  -  Mar.  14 

May  1  -  June  14 

113  days 

Low  use Sept.  3  -  Nov.  14 

73  days 

Appendix  table  5.  --Time  of  day  strata,    Ocala  National  Forest 

Season 

(date) 

Exit 

classification 

Sampling 

unit 
duration 

Period 

of 

day 

Hour  of  day  ''■ 

Number  of sampling 

opportunities per  day 

Hours 

A,    B 
2 

May  15- 
C 4 

Sept.  2, inclusive 
A,    B 

2 

C 4 

A,    B 2 

Sept.  3  - 
C 4 

May  14, inclusive 
A,    B 

2 

C 4 

Day  0700-2100 

Day  0900-2100 

Night  2100-0100 

Night  0500-0900;    2100-0100 

Day  0700-1900 

Day  0700-1900 

Night  1900-0100 

Night  1900-2300 

"'■24-hour  time  system. 
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STUDY  OF  DISPERSED  RECREATION  USE 

(Completed  by  Interviewer) 

Data  obtained  in  this  survey  will  be  held   confidential  and  used  only  for  statistical 
purposes  in  combinations  with  data  from  other  respondents. 

Date  _ 

Time 

District 

Interviewer 

Time  of  Interval  Sampled 

Exit  Class 

Exit  Number 

Weather 

Mode  of  Travel   

Size  of  Party: 

Number  of  Households 

Number  of  Individuals 

ASK  OF  HEAD  OR  MEMBER  OF  EACH  HOUSEHOLD  (OR  ORGANIZATION): 

1.     The  person  interviewed  is: 

the  head  of  a  household; 
member  but  not  head  of  a  household. 

2.     Number  of  individuals  represented  by  this  questionnaire 

3.     How  did  you  find  out  about  this  area  (newspaper,    travel  agency,    etc. )? 

4.  How  long  have  you,  or  you  and  the  household  (or  organization)  members  you 
represent,  been  in  this  area  since  your  last  entry?  (Record  aggregate  total 
for  all  individuals  represented  by  this  questionnaire. ) 

Days Hours 

5.     Of  the   total  time   given  in  the   preceding  question,    about  what  percent  was 
devoted  to  each  of  the  following  activities? 

% 
Recreation  (playing,    resting,   etc. ) 
Commercial  (business,   working) 
Residential  (yearlong  residence) 
Other  (passing  through) 

Total 

100% 

END  INTERVIEW  IF  ALL  TIME  WAS  SPENT  IN  COMMERCIAL,   RESIDENTIAL  OR 
OTHER  ACTIVITY. 

6.     What  percent  of  the  total  time  devoted  to  recreation  would  you  estimate  that 
you,   or  you  and  the  members  of  the  group  you  represent,    spent  in: 

% 
Developed  areas  (improved  campgrounds;  picnic  areas,  etc.) 
Underdeveloped  areas  (areas  with  no  improvements) 

Total 

100% 

Appendix  figure  1.  --The  questionnaire  used  in  the  Ocala  National  Forest  study. 
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St 

7. 

SF 

8. 

12. 

13. 

lOW    CARD  #           1 

kinds  of 
the  most 
ection  to 
nt  of  total 

% 

9. 

10. 

11. 

you  (p 

If  you  were  fishing,  what  species  of 
fish  were  you  seeking,  principally? 

Trout 

Will  you   tell   me    on  what 
developed  areas  you  spent 
time   (limit  maximum   sel 
3)?      What  was   the   perce 
time  spent  on  each? 

Campgrounds 

Bass 
Pike,    Pickerel,    Muskellunge,   etc. 
Pan  fish 

Picnic  areas Non-game  fish 
Swimming  or  beach Amphibian  (what                                 ) 

Other 
(Specify) 

If  you  are  hunting,    what  species  of 

game  were  you  seeking,  principally'' 

Deer 

Organized  sports  areas 
Scenic  overlooks 
Monuments 
Formal  demonstrations 
Other 

(Specify) 
Total 

[OW   CARD  #          2 

100% 

ivities 
ireas 

to  3)-? 
e  did 

% 

Bear Turkey 

What  were  your  major  act 
while   in  the  undeveloped  < 
(limit  maximum  selection 
What  percent  of  total  tim 

you  spend  on  each'? 

Camping 

Grouse 

Quail Squirrel Rabbit 

Raccoon 

Opossum 
Fox 
Bobcat 

Picnicking Crow 
Nature  study Woodchuck 
Swimming Ducks 

Fishing Geese 
Hunting Other 

(Specify) 

If  hunting,    what  weapons  were  you 
using,    principally? 

Rifle 

Hiking 

Photography 
Painting 

Bird  watching 
Boating 
Skiing 

Skating Shotgun 

Sight- seeing Bow 
Other Other 

(Specify) 
Total 

In  the  past  year,    how  man 

1st  time 

100% 

y  times  did 

2-5 

50-100 

e  of  most  of 

ersonally)  visit  this  area? 

6-10                            10-20 
more  than  100 20-50 

What  was  the  main  purpos 

your 

previous  year's  visits?     (As  in  8  above) 

How  long  did  you  usually  stay'' days                                             hours. 

Appendix  figure  1 . --(continued). 
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PERSONAL   SECTION  OF   QUESTIONNAIRE 

(All  of  the  following  questions  apply  only  to  the  individual  head-of-the  household. 
Any  or  all  questions  may  be  answered  or  filled-in  by  respondent.) 

14.     Where  do  you  live: 

Town  or  City   
County    
State 

15.  How  old  are  you"? 

16.  Are  you  married'' 

years, 

yes 

17.     How  many  dependents  do  you  have? 

18.     How  many  dependent  children  under  18  do  you  have? 

19.     What  type  of  work  or  occupation  provides  the  main  source  of  income  for 

your  family'' 

2  0.     If  you  are  a  farmer: 

(a)  What  type  of  farm  do  you  operate'' 
(b)  What  is  the  total  acreage  of  the  farm'' 
(c)  What  is  the  location  of  your  farm? 

County      State   

21.     How  many  years  of  school  have  you  completed? 

Elementary  School 
(grade)    12    3    4    5    6    7    8 

High  School 
(Year)      12    3    4 

College 
(Year)      1    2    3    4    5    6   or  more 

SHOW   CARD  #  3 

22.     Will  you  tell  me  the  letter  of  the  groups  into  which  the 

combined  family  annual  income   (before  taxes)  falls'' 

a.  CZ7  c.    CZJ  e.    CU  s.   /      7  i.  /      7 

b.  ZZ^  d.  ZZ7  f.  ̂ d7  h.  ̂ Z7 

Appendix  figure  1 . --(continued). 
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THE  MAJOR  DEFECTS  IN  SOUTHERN  HARDWOOD 
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FOREWORD 

There  has  been  a  steady  demand  over  the  years  for  Dr.  Harrar's  original 
Station  Paper  No.  39  entitled  "Defects  in  Hardwood  Veneer  Logs."  Since 
supplies  of  this  paper  have  been  exhausted,  it  was  decided  to  reissue  the 
paper  in  a  condensed  and  slightly  modified  form.  In  this  revised  version, 
mention  of  the  less  important  defects  has  been  omitted  or  minimized.  On  the 
other  hand,  common  defects  that  typically  lower  the  value  of  veneer  blocks 
have  been  described  in  greater  detail.  A  short  section  on  insect  damage  has 
also  been  added. 

Robert  A.  Campbell 
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THE  MAJOR  DEFECTS  IN  SOUTHERN  HARDWOOD 

VENEER  LOGS  AND  BOLTS 

by 

£i.  S.  Harrar  
and  

R.  A.  Campbell 

INTRODUCTION 

This  paper  reports  the  initial  phase  of  a  long- 
range  research  program  leading  toward  de- 

velopment of  a  universal  set  of  log  grade  rules 
for  southern  hardwood  veneer  logs.  It  de- 

scribes the  visible  characteristics  on  the  sides 
and  ends  of  veneer  logs  and  blocks  that  or- 

dinarily indicate  the  presence  of  defect.  The 
individual  visual  indicators  are  identified,  and 
the  blemishes  in  the  wood  under  them  are 
described. 

Most  southern  hardwood  veneer  and  ply- 
wood plants  have  some  method  of  classifying 

logs  by  grade  to  control  the  purchase  price. 
Such  log  grading  systems  have  been  developed 
by  experience  and  are  dependent  to  a  large 
extent  upon  the  ability  of  the  grader  and  his 
knowledge  of  veneer  grades  and  yields  re- 

quired for  the  specific  product  produced  by  his 
company.  These  rule-of-thumb  grading  sys- 

tems are  often  very  inaccurate  and  inconsis- 

tent. Manufacturers  of  both  high  and  low  grade 
veneer  recognize  the  need  for  a  veneer-log 
grading  system  that  can  be  easily  and  uni- 

formly applied. 

The  external  characteristics  of  a  tree  give 
reliable  clues  to  the  quality  of  veneer  that  can 
be  cut  from  the  wood.  When  a  tree  is  bucked 

into  logs  or  bolts,  the  cross-section  ends  of 
these  pieces  may  provide  additional  indicators 
of  wood  quality  in  the  piece.  Thus,  it  becomes 
important  to  study  the  abnormalities  that  can 
be  seen  on  their  surfaces,  such  as  bumps, 
knots,  and  bark  distortions,  and  to  correlate 
the  occurrence  of  these  imperfections  with  the 
quality  of  veneer  that  they  produce.  It  is  also 
necessary  to  observe  the  abnormalities  on  the 
ends  of  the  logs,  especially  when  these  are  not 
revealed  on  the  surfaces,  and  to  correlate 
these  with  veneer  quality. 

CLASSES  OF  LOG  ABNORMALITIES 

Log  abnormalities  can  be  divided  into  two 
general  classes:  those  found  on  the  surface  of 
the  log,  and  those  found  on  the  ends.  Beyond 
this  there  can  be  no  general  classification.  One 
reason  is  that,  although  most  of  the  important 
blemishes  in  wood  are  associated  with  ab- 

normal features  visible  on  the  log  surface  or 
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end,  some  visible  irregularities  do  not  reflect 
imperfections  in  the  wood.  Whether  or  not 
the  blemish  is  a  product  defect  depends  upon 
the  class  of  log  in  which  it  is  found,  for  its 
effect  depends  upon  the  specifications  of  the 
product  to  be  made  from  the  log  (face  vs. 
container  veneers) . 

It  will  be  shown  that  under  certain  condi- 
tions some  abnormalities  indicating  wood 

blemishes  may  never  be  disregarded  as  log 
grade  defects  in  any  type  of  log,  and  some 
may  be  ignored.  For  instance,  crook  that  may 
be  degrading  in  a  saw  log  will  frequently  rep- 

resent no  defect  when  the  log  has  been  bucked 
into  shorter  veneer  blocks. 



At  each  of  the  seven  selected  mills,  thou- 
sands of  logs  were  observed  and  many  of  them 

were  photographed  showing  the  bark  and  end 
imperfections.  Additional  photos  followed  the 
defects  through  the  log  as  the  veneer  was 
peeled.  These  data  were  summarized  to  give 
a  frequency  of  defect  indicators  in  veneer 
blocks  (table  1)  and  to  provide  qualitative 
data  on  the  effect  of  various  log  abnormalities 
on  the  veneer  produced.  It  should  be  noted 
that  when  the  same  sort  of  defect  appeared 

more  than  once  in  a  given  block,  only  one  such 
defect  was  recorded  in  the  tally.  No  attempt 
was  made  in  this  study  to  relate  the  type  of 
defect  and  the  yield  of  veneer  recovered. 

Four  of  the  most  commonly  used  hardwoods 
in  the  southern  veneer  mills  were  selected  for 
study:  sweetgum  {Liquidambar  styraciflua) , 
yellow-poplar  {Liriodendron  tulipifera),  black- 
giun  {Nyssa  sylvatica),  and  water  tupelo 
(Nyssa  aquatica). 

SURFACE  DEFECTS 

In  veneer  logs  a  distinction  must  be  made 
between  abnormalities  that  are  detrimental  to 
sheet  quality  and  unusual  growth  phenomena 
that  do  not  degrade  the  product.  For  purposes 
of  convenience,   indicators  are  divided  into 

two  classes,  namely,  external  indicators  oc- 
curring on  the  log  circumference  and  defects 

which  show  on  the  sawed  ends.  Log-surface 
abnormalities  are  much  more  important  than 
log-end  abnormalities. 

Table  1.  --Important  surface  and  end  defects  in  veneer  bolts 

SURFACE  DEFECTS 

Defect Yellow -poplar 

(2213)1 

Sweetgum 

(2182)1 

Blackgum 

(1246)1 

Tupelo 

(1367)1 

Percent Rank Percent Rank Percent Rank Percent 
Rank 

Buds,   adventitious  and  dormant 61 
1st 

17 

4  th 
44 

1st 
73 1st 

Holes,   general 

27 2nd 
21 1st 

11 4th — — 

Bird  peck  holes 

23 
4th 17 3rd -- 

-- -- 

— 

Bumps,  burls,  and  other knot  forms 24 
3rd 

18 
2nd 

14 

3rd 27 4th 

Butt  swell  and  seams — -- 6 -- 25 
2nd 

41 

2nd 

Flanges — — — — — — 27 3rd 

Other P) 
(=) (3) 

(3) 

END   D EFECTS 

Stain 25 1st 29 
1st 

-- 

-- -- — 

Heart  rot 4 2nd 7 2nd -- 

-- 

-- — 

Spider  heart 3 
3rd 

2 
3rd 

2 3rd 4 3rd 

Wind  shake — — — -- 7 1st 16 

1st 

Ring  shake — — -- -- 3 2nd 8 2nd 

Other 
P) 

(«) (') 
(3) 

1  Number  of  bolts  observed. 
^Less  than  5  percent. 



BUDS 

Adventitious  and  dormant  buds  are  com- 
monly confused  with  one  another,  but  have 

distinctly  different  origins,  and  their  mani- 
festations in  the  veneer  sheet  are  also  dif- 

ferent. 
Adventitious  buds. — Adventitious  buds  usu- 

ally arise  from  mature  tissue  adjacent  to  or 
associated  with  a  wound,  usually  at  the  end 
of  a  branch  stub.  In  sweetgum  and  yellow- 
poplar  they  ordinarily  occur  in  clusters  upon 
a  raised  area  of  bark  in  which  the  normal 
growth  pattern  has  become  distorted,  but  on 
old-growth  logs  they  are  often  obscure,  hav- 

ing become  more  or  less  embedded  in  the 
corky  layers  of  the  bark.  This  is  particularly 
true  where  the  underlying  branch  stub  is 
some  distance  in  from  the  surface  of  the  log. 
By  contrast,  in  blackgum  and  tupelo  they  are 
more  commonly  scattered  over  the  bole  and 
are  easily  overlooked. 

Immediately  below  the  bark,  clusters  of 
adventitious  buds  appear  in  the  wood  as 
clusters  of  small  pin-like  knots.  As  the  block 
is  peeled,  they  sometimes  diminish  slightly  in 
size,  and  at  the  same  time  appear  to  be  em- 

bedded in  bark  pockets  or  in  zones  of  stain 
and  incipient  decay.  Blemishes  of  this  sort  are 
often  erroneously  interpreted  as  burls,  and  if 
sound,  are  permitted  in  all  but  the  best  grade 
of  veneer.  In  blackgum  and  tupelo  they  usu- 

ally appear  in  a  sheet  of  veneer  as  elliptical 
distortions  of  the  grain,  commonly  with  in- 

cluded bark.  Clustered  adventitious  buds  are 
often  erroneously  referred  to  as  burls,  but 
should  not  be  confused  with  these  structures. 

Figure  1  shows  a  bark  distortion  with  as- 
sociated adventitious  clustered  buds  on  yellow- 

poplar.  When  the  wound  or  branch  stub  is 
deeply  embedded,  as  is  often  the  case  in  large 
logs,  these  clusters  of  pin  knots  extend  in  an 
unbroken  strand  through  the  wood  from  a 
point  alongside  the  buried  branch  stub  or 
wound  to  the  surface  of  the  log.  In  logs  of 
small  diameter  such  clusters  connote  a  knot 
or  wound  at  or  near  the  surface,  the  exposure 
of  which  is  often  made  in  merely  rounding 
out  the  block. 

In  general,  clusters  of  adventitious  buds  on 
yellow-poplar  and  sweetgum  logs  not  only  in 
themselves  produce  blemishes  in  sheets  of 
rotary-cut  veneer,  but  also  signal  the  presence 
of  larger  and  far  more  serious  defects  below. 

Clusters  of  adventitious  buds  on  the  boles 
of  blackgum  and  tupelo  were  not  common; 
they  were  noted  on  only  about  40  logs.  The 
detection  of  the  buds  themselves  is  often  dif- 

ficult unless  they  have  sprouted,  a  phenome- 
non that  occasionally  occurs  in  the  storage 

yard. 

Dormant  buds. — As  the  name  implies,  dor- 
mant buds  are  mature,  arrested  buds  complete 

with  embryonic  axes  (fig.  2).  In  response  to 
growth  stimuli  they  are  capable  of  developing 
normal-appearing  shoots  along  the  boles  of 
trees  that  are  known  as  epicormic  branches, 

or  perhaps  more  familiarly  as  "water  sprouts." Their  presence  in  the  folds  of  bark,  although 
often  difficult  to  detect,  is  the  result  of  an 
interesting  growth  phenomenon.  These  buds, 
often  many  years  of  age,  were  originally 
situated  in  the  leaf  axils  of  terminal  and 
lateral  twigs. 

In  rotary-cut  veneers,  these  radially  aligned 
tissue  bundles  appear  on  the  face  of  sheets  of 
veneer  as  minute  pin  knots.  These  are  not  of 
sufficient  magnitude  to  affect  sheet  quality 
adversely  except  in  face  stocks,  and  then  only 
when  their  frequency  is  greater  than  two  per 
square  foot  of  surface  area. 

HOLES 

Holes  are  traceable  to  insects  and  birds, 
rotted  branch  stubs,  bullets  and  buckshot, 
tongs  used  in  skidding  and  loading  operations, 
and  some  kinds  of  mechanical  injury.  Super- 

ficial holes  of  recent  origin  have  no  influence 
upon  either  the  yield  or  quality  of  veneer, 
since  they  are  wholly  contained  within  the 
peripheral  zone  of  the  log  that  is  removed  as 
waste  in  the  rounding.  On  the  other  hand, 
old  holes  that  extend  to  a  depth  greater  than 
3^2  inch  into  the  woody  cylinder  signal  hidden 
defect,  often  of  major  proportions.  In  addi- 

tion to  appearing  as  voids  in  the  veneer  sheet 
with  each  full  turn  of  the  block  against  the 
knife,  these  holes  are  also  the  focal  points  for 
staining  and  wood-destroying  fungi,  the  ac- 

tivities of  which  further  reduce  quality  and 

yield. Holes  traceable  to  insects. — The  large  grub- 
worm  emergence  holes  characteristic  of  oaks 
and  several  other  species  were  observed  in  a 
few  logs  of  blackgum,  but  no  grub-worm 
damage  was  detected  in  the  other  three  species 
examined  during  peeling  operations  (see  sec- 

tion on  overgrowths). 
Small  borings  about  Jfe  inch  in  diameter, 

commonly  known  as  pin  holes,  are  made  by 
several  species  of  ambrosia  beetles  and  other 
small  wood-boring  insects.  Such  holes,  often 
extending  well  into  the  sapwood  zone,  are 
commonly  overlooked  in  grading  a  log  since 
they  are  more  or  less  obscured  by  folds  in  the 
bark.  Those  made  by  the  Columbian  timber 
beetle  (flag  worm)  are  soon  obliterated;  for- 

tunately, the  detection  of  the  onetime  pres- 
ence of  this  organism  in  a  log  usually  can  be 

made  on  the  ends  of  logs. 
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"'  ■"         Figure  2. — A,  Dormant  buds  sprouting  on  a  sweetgum  log. 
"~~     B,   Traces  of  dormant  buds  on  peeled  tupelo  log.  C,  Pin knot  in  veneer  traceable  to  dormant  bud. 

**»»4-^  yi^jsf;.,!^   !^r~^~^        ̂ '^^,,,'    ."S^y,,   . 

Some  ambrosia  beetles  attack  catfaces  and 
other  open  wounds  on  the  faces  of  trees,  but 
since  wounds  of  this  sort  are  usually  in  a  state 
of  decay,  they  represent  regions  of  major  cull 
irrespective  of  evident  beetle  activity.  Such 
timber  is  rarely  brought  to  a  veneer  plant. 

Under  favorable  conditions,  ambrosia  bee- 
tles will  attack  old-growth  green  sweetgum 

logs  following  their  delivery  to  a  mill.  Bore 
holes  are  clearly  evident  and  unless  the  blocks 
are  immediately  sprayed  with  suitable  chemi- 

cals or  placed  in  steam  box  or  vat,  the  sap- 
wood  zone  is  quickly  riddled  and  unfit  for 
production  of  quality  veneer.  Although  nu- 

merous attempts  have  been  made  to  promote 
the  use  of  wormy  veneer  in  decorative  panel- 

ing, moderate  to  heavy  ambrosia  beetle  dam- 
age must  be  classified  with  the  major  defects 

of  veneer  logs.  Sheets  with  moderate  damage 
of  this  sort  are  suitable  for  center  stocks, 
however. 

Holes  traceable  to  gunshot. — Suspected  bullet 
holes  should  be  probed.  Bullets  near  the  sur- 

face should  be  chopped  out,  and  those  logs  in 
which  penetration  is  extensive  should  either 
be  carefully  worked  or  discardedl  While  soft 
lead  bullets  rarely  impair  knife  or  nose  bar  on 
contact,  steel  bullets  will  play  havoc  with 
these  parts  of  a  lathe.  Old  bullet  holes  are 
commonly  associated  with  rot,  and  thus  slugs 

are  often  found  completely  buried  in  rotten 
wood. 

The  effect  of  a  full  charge  of  buckshot  in  the 
face  of  a  tree  is  more  damaging  than  that  of  a 
single  bullet;  each  hole  in  the  scatter  pattern 
is  a  point  of  entry  for  wood-destroying  fungi, 
and  decay  in  such  regions  is  often  rather 
general.  Holes  made  by  buckshot  superficially 
resemble  those  of  the  ambrosia  beetles,  but 
upon  careful  examination  it  may  be  observed 
that  many  of  them  do  not  enter  the  stem  in  a 
radial  direction. 

Holes  resulting  from  rotted  branch  stubs  and 
knots. — The  loss  of  branch  stubs  and  knots 
through  the  normal  process  of  decay  produces 
unoccluded  openings  in  the  faces  of  logs,  under 
which  decay  of  the  woody  cylinder  is  often 
extensive.  The  larger  and  deeper  the  hole,  the 
more  widespread  is  the  region  of  decay.  Cull 
factors  should  be  applied  to  logs  with  defects 
such  as  these,  since  both  the  quantity  and 
quality  of  veneer  they  are  capable  of  yielding 
is  very  low. 

Holes  made  by  tongs. — It  is  common  in  many 
logging  operations  to  employ  tongs  in  the 
skidding  and  loading  of  logs  and  blocks  des- 

tined for  a  veneer  mill.  The  broad,  elongated, 
sometimes  blunt  points  of  such  hooks,  often 
2  to  33^  inches  in  length,  tear  and  gouge  size- 

able holes  in  the  surfaces  of  logs.  Each  time  a 



log  is  handled  in  this  manner  a  new  pair  of 
holes  results.  During  the  course  of  this  study 
innumerable  logs  and  blocks  were  observed 
in  which  tong  holes  were  the  only  visible  de- 

fects. Such  holes  not  only  limit  clear  sheet 
width  but  cause  stains  and  decay. 

The  replacement  of  tong  hooks  with  slings 
and  chokers  in  the  woods  operations  would 
eliminate  this  unnecessary  waste.  High-grade 
logs,  for  which  top  prices  have  been  paid,  could 
then  be  made  to  produce  maximum  yields  of 
the  quality  veneer  expected. 

BIRD  PECK 

During  periods  of  migration,  yellow-bellied 
sapsuckers  subsist  almost  entirely  on  the  sap 
of  certain  trees.  The  holes  they  drill — com- 

monly extending  to  and  even  beyond  the 
cambium — are  known  as  bird  peck  (fig.  3). 
Occasionally  these  holes  are  made  at  only  wide 
and  infrequent  intervals,  but  as  a  rule  the 
birds  peck  out  countless  numbers  of  closely 
crowded  excavations  each  from  a  quarter  to 
a  half  inch  in  diameter.  The  holes  are  ar- 

ranged in  more  or  less  horizontal  tiers  encir- 
cling the  tree  trunk;  in  extreme  cases  more 

bark  is  destroyed  than  is  left  undamaged. 
Under  such  circumstances  trees  are  in  effect 
girdled,  and  consequently  die. 

Bird  peck  apparently  occurs  most  frequently 

on  vigorous,  fast-growing,  thrifty  trees.  Among 
the  four  species  of  veneer  logs  observed,  bird 
peck  was  much  more  common  in  yellow- 
poplar  and  sweetgum  than  in  tupelo  and 
blackgum.  Of  the  latter  two  species,  only  half 
a  dozen  of  each  showed  evidence  of  sap- 
sucker  activity. 

Peck  holes  of  recent  origin  are  character- 
istically dry  and  open,  but  those  made  many 

years  ago  are  usually  closed  with  plugs  of 
callus  or  traumatic  tissue. 

Generalizations  relating  to  the  effect  of  bird 
peck  upon  the  quality  of  veneer  logs  cannot 
be  made  without  specific  reference  to  species. 
For  example,  the  bark  of  yellow-poplar  is  con- 

siderably thicker  than  that  of  many  other 
species  within  the  same  diameter  classes  and 
very  few  holes  are  drilled  that  actually  pene- 

trate beyond  the  cambium.  The  cambial  re- 
gion itself,  however,  is  frequently  damaged  or 

at  least  stimulated  to  such  a  degree  that  the 
elements  in  the  initiating  layer  under  the 
wound  become  realigned.  This  in  turn  becomes 
manifest  in  the  layers  of  wood  subsequently 
laid  down  on  the  bole  as  localized  grain  distor- 

tions. Complete  obliteration  of  bird  peck  ac- 
tivity on  yellow-poplar  bark  is  rare;  only  a 

few  large  mountain-grown  logs  were  observed 
during  peeling  operations  in  which  bird  pecks 
showed  up  in  the  veneer  when  the  bark 
evinced  no  such  injury. 

Figure  3. — A  and  B,  Fresh  bird-peck  damage  in  yellow -poplar.  C  and  D,  Old  bird-peck  activity  in  sweet- 
gum  as  indicated  by  transverse  checks  in  the  bark  and  stain  blemish  in  the  veneer. 



When  a  block  of  bird-pecked  yellow-poplar 
is  turned  on  a  lathe,  one  may  observe  many 
small,  often  obscure,  nearly  orbicular  to 
broadly  elliptical  blemishes  on  the  face  of 
the  veneer,  each  of  which  is  traceable  to  the 
wood  directly  below  a  peck  hole.  Upon  closer 
scrutiny  of  the  sheet  it  may  be  seen  that  these 
blemishes  are  sound,  localized  areas  in  the 
wood  in  which  the  grain  has  a  pronounced 
radial  undulation  or  is  otherwise  distorted. 
As  the  block  continues  to  turn,  the  lathe 
knife  eventually  reaches  the  point  of  original 
damage.  This  is  often  signalled  by  greater 
grain  distortion  and  occasionally  by  zones  of 
discoloration.  Ordinarily,  however,  these  zones 
are  very  narrow  and  quickly  disappear  with 
two  or  three  more  full  turns  of  the  block.  Of 
the  more  than  100  logs  16  inches  in  diameter 
or  larger  with  moderate  to  abundant  bird  peck, 
no  unsound  blemishes  were  noted  in  the  outer 

one-third  to  one-half  of  the  cylinder.  Sound 
blemishes  of  this  sort  in  yellow-poplar  (figures 
3A  and  SB)  do  not  devalue  veneer  used  for 
center  stock,  crossbanding,  and  sound  or  clear 
backs  for  panels,  but  may  lower  the  value  of 
face  grade  veneer. 

In  contrast,  sapsucker  activity  in  sweetgum 
often  results  in  serious  damage  to  potential 
veneer  logs.  Since  the  bark  of  this  species  is 
comparatively  thin,  the  birds  in  making  fresh 
tap  holes  commonly  drill  across  the  cambium 
into  the  outer  periphery  of  the  woody  cylinder. 
Excavations  such  as  these  provide  a  readily 
accessible  entrance  into  the  wood  for  stains 

(fig.  4)  and  wood-destroying  fungi.  Localized 

regions  in  logs  and  blocks  contaminated  in 
this  manner  provide  very  little  quality  veneer. 
Old  wounds  on  sweetgum  will  eventually  dis- 

appear, but  transverse  bark  checks  usually 
indicate  deep  sapsucker  wounds. 

Bird  peck  blemishes  in  a  sheet  of  sweetgum 
veneer  similar  to  those  described  for  yellow- 
poplar  are  traceable  to  shallow  peck  holes 
which  approach  but  do  not  traverse  the  cam- 

bium. Where  the  peck  holes  extend  across  the 
cambial  region,  however,  the  character  of  the 
blemishes  is  considerably  altered.  Some  ex- 

hibit minute,  centrally  disposed  perforations; 
others  encircle  plugs  of  caUus  tissue  or  in- 

cluded bark,  and  practically  all  of  them  are  the 
focal  points  of  unsightly  stains  and  streaks  of 
decay.  The  initial  attack  may  have  been  made 
many  years  before  the  log  was  harvested,  but 
the  defects  continued  to  develop  as  new  wood 
was  laid  down  on  the  cylinder  and  very 

frequently  may  be  observed  when  an  investi- 
gator merely  removes  the  bark. 

BUMPS  AND  OTHER  KNOT  FORMS 
The  many  sorts  and  kinds  of  protuberances 

and  localized  swellings  on  the  surfaces  of  logs 
are  called  bumps.  Surface  rises  of  the  sort 

described  by  Lockard  and  his  associates  '  are 
included  in  this  class  of  indicators  of  defect, 
but  burls,  which  are  described  elsewhere  in 
this  paper,  are  excluded. 

1  Lockard,  C.  R.,  Putnam,  J.  A.,  and  Carpenter, 
R.  D.  Grade  defects  in  hardwood  timber  and  logs. 
U.  S.  Dept.  Agr.  Handb.  244,  39  pp.,  iUus.  1963. 

Figure  4. — Areas  of  discoloration  in  sweetgum  caused  by  bird  peck. 



Figure  5. — High  bump  on  yellow-poplar.  A,  Bark  removed  to  show  layer  of  wood  over  branch  stub. 
B,  Veneer  underlying  bump,  showing  recently  buried  branch  stub  and  associated  decay. i 
A  bump  as  defined  by  Lockard  is  "a  protu- berance of  the  log  which  is  covered  with  wood 

and  bark.  ...  A  minimum  bump  is  arbitrarily 
defined  as  a  swell  on  the  surface  with  a  taper 
steeper  than  1  to  6.  ...  If  it  has  a  taper  flatter 

than  1  to  6,  it  is  classed  as  a  surface  rise." 
This  distinction  was  made  in  factory  logs  be- 

cause surface  rises  usually  indicated  deeply 
buried  defects  that  could  be  disregarded.  Sur- 

face rises  in  veneer  logs  and  blocks,  however, 
invariably  connote  defect,  which  in  sweetgum 
and  tupelo  often  lies  close  to  the  surface  of  a 
log,  and  hence  is  of  major  concern  to  the 
manufacturer  of  veneer. 

High  bumps. — High  bumps  (fig.  5),  those 
having  a  taper  sharper  than  1  to  3,  may  ap- 

pear at  any  point  along  a  log,  and  as  a  rule 
foretell  the  presence  of  soimd  or  rotten  pro- 

jecting limb  stubs  and  knots,  well  developed 
clusters  of  adventitious  buds,  localized  splits 
or  seams,  or  ingrown  bark.  Bumps  on  butt 
logs  and  blocks  harvested  from  local  woodlots 
should  be  carefully  scrutinized  since  they 
frequently  encase  nails,  spikes,  barbed  wire, 
or  other  pieces  of  metal  which  would  severely 
damage  knife  and  pressure  bar  if  undetected 
(fig.  6). 

Low  bumps. — Low  bimips  (including  surface 
rises)  have  a  taper  less  than  1  to  3  and  they 
usually  connote  the  presence  of  wounds,  bark 
inclusions,  localized  decay,  and  in  some  cases 
rather  deeply  recessed  branch  stubs  and 
knots  (fig.  7).  Occasionally,  low  bumps  on 
sweetgimi  logs  indicate  the  presence  of  sup)er- 
ficial  gum  cysts.  Logs  receiving  shotgun 
blasts  not  infrequently  develop  low  bumps  in 
the  vicinity  of  the  wound,  with  decay  de- 

veloping around  the  embedded  lead  pellets. 

Figure  6. — A  and  B,  High  bump  on  basal  log  of 
tupelo  caused  by  embedded  wire.  Bumps  on  basal 
logs  should  be  examined  carefully  for  encased  bits 

of  m,etal. 



Figure  7.— A,  Elongated  low  bump  in  sweetgum  log  22  inches  in  diameter.  B,  Buried 
seam  with  included  bark  under  low  bump  of  A. 
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Figure  8. — A  series  of  photos  tracing  knots  through  a  yellow-poplar  block  from  bark to  core. 
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LOG  KNOTS 

A  knot  may  be  defined  as  a  branch  that  is 
embedded  in  a  tree  trunk.  If  a  branch  remains 
alive  while  being  enveloped  by  the  bole,  a 
tight  knot  is  produced.  If,  on  the  other  hand, 
the  branch  is  dead,  its  subsequent  envelop- 

ment results  in  a  loose  knot.  Unsound  knots  are 
those  which  have  been  partially  destroyed  by 
decay.  When  a  branch  has  been  removed  and 
its  stub  covered  by  a  layer  of  wood,  an  em- 

bedded knot  results. 
Knots  of  various  kinds  are  by  far  the  most 

common  and  most  important  defects  in  hard- 
wood veneer  logs.  Exposed  knots  (fig.  8)  are 

common  features  of  small  marginal  logs  and 
those  cut  from  upper  levels  of  a  tree  trunk. 
Butt  logs  from  yellow-poplar,  sweetgum, 
tupelo,  and  blackgiun  are  exceptionally  free 
from  exposed  knots,  since  the  lower  portions 
of  the  trunks  of  forest-grown  trees  of  these 
species  are  usually  clean  and  full-rounded  by 
the  time  they  attain  peeler-log  size. 

In  logs  13  to  16  inches  in  diameter,  em- 
bedded knots  are  often  only  an  inch  or  two 

below  the  surface;  the  amount  of  clear  wood 
in  logs  within  these  diameter  classes  is  rather 
limited.  Embedded  knots  in  logs  24  inches 
or  more  in  diameter  are  usually  3  to  6  inches 
or  more  below  the  surface;  thus  the  recovery 
of  defect-free  veneer  is  generally  greater  with 
increase  in  diameter.  When  the  stubs  of  such 
knots  are  6  inches  or  less  from  the  surface, 
their  presence  can  usually  be  detected  by  ir- 

regularities in  the  bark  pattern  overlying 
them  (see  section  describing  overgrowths). 
Tupelo  and  swamp-grown  blackgum  prune 
themselves  early,  and  embedded  knots  are 
so  deeply  recessed  that  in  butt-cut  logs  most 
of  them  are  commonly  contained  within  the 
residual  core  or  begin  to  appear  in  numbers 
only  as  the  core  is  approached. 

In  veneers  used  in  the  assembly  of  plywood 
panels,  the  size,  number,  condition  and  pe- 

riodicity of  knots  are  chief  among  the  limiting 
factors  used  in  establishing  grade.  Even  in  the 
lowest  quality  of  veneers  such  as  those  used 
in  sheathing  and  package-grade  plywood, 
specifications  restrict  the  size  and  number  of 
knots. 
When  a  log  has  numerous  exposed  knots, 

and  particularly  when  the  knots  are  4  inches 
in  diameter  and  larger,  veneer  yield  is  often 
reduced  50  percent  or  more.  The  remainder  is 
fuel  for  the  boiler  plant. 

BURLS 

Burls  are  woody  excrescences  that  develop 
on  the  sides  of  trunks  and  occasionally  limbs 
of  trees,  and  may  occur  singly  or  may  literally 
cover  a  stem.  For  the  most  part  they  are  either 
hemispherical   or   broadly    conical    in   shape 

with  smooth  or  corrugated  surfaces.  In  some 
instances  they  contain  partly  developed  buds 
and  bark  pockets,  but  they  are  commonly 
sound.  In  fact,  they  develop  to  such  propor- 

tions on  some  trees  that  they  themselves  are 
prized  for  the  fancy  face  veneers  of  rare  and 
pleasing  figures  they  produce. 

In  this  study  true  burls  were  observed  only 
on  logs  of  tupelo,  blackgum,  and  occasionally 
on  sweetgum  (fig.  9).  They  occasionally  in- 

cluded small  bark  pockets,  but  for  the  most 
part  were  composed  of  solid  wood  with  exces- 

sively distorted  fiber  alignment.  Sound  burls 
cannot  be  classed  as  defect  on  veneer  logs  and 
blocks,  since  they  arise  on  wood  that  has  been 
laid  down  normally  in  the  growth  of  the  tree, 
and  are  themselves  removed  in  the  rounding 
procedures  prior  to  peeling.  Burls  containing 
decay,  however,  must  be  classed  as  a  defect, 
since  rotting  often  progresses  into  the  main 
cylinder  of  wood  under  them. 

OVERGROWTHS 

Full-rounded,  well-formed  peeler  logs  and 
blocks  without  obvious  defects  will  lead  an 
untrained  observer  to  the  erroneous  conclu- 

sion that  large  volumes  of  clear,  high-grade 
veneer  may  be  procured  from  such  materials. 
Unfortunately,  this  is  not  always  the  case.  An 
experienced  inspector  will  cormnonly  detect  a 
number  of  small,  localized  and  often  inconspic- 

uous deviations  from  the  normal  bark  pattern. 
These  seemingly  harmless  growth  abnormali- 

ties of  the  bark  are  highly  significant  in  pre- 
dicting veneer-log  quality,  since  they  actually 

portend  hidden  defects  such  as  deeply  buried 
knots,  insect  injury,  barbed  wire,  bullets, 
decay,  and  the  like.  Collectively  these  bark 
distortions  are  known  as  overgrowths,  and,  as 
Lockard  et  al.  (footnote  1)  have  pointed  out, 
they  are  phases  of  the  various  log  abnormali- 

ties. In  some  of  them  the  pattern  is  so  con- 
sistent that  the  nature  of  the  underlying 

defect  can  be  predicted  with  a  high  degree  of 
accuracy;  in  others  the  patterns  are  variable 
and  little  or  no  correlation  between  the  pat- 

terns and  what  is  luider  them  has  been  found. 
After  many  years  of  continued  diameter 

growth  of  a  tree,  localized  bark  distortions  be- come obliterated  with  the  formation  of  bark 
that  has  normal  appearance.  An  inspector 
may  be  reasonably  certain  that  such  logs  con- 

tain large  volumes  of  clear  wood  that  will 
yield  much  veneer  of  quality. 

Since  the  bulk  of  hardwood  veneer  is  now 
produced  from  relatively  small  logs  and  blocks 
of  second-growth  timber,  overgrowths  are 
common  and  their  role  in  determining  log 
quality  is  highly  significant. 

Overgrowths  in  yellow-poplar. — The  most 
common  overgrowths  found  in  yellow-poplar 
are  those  associated  with  knots  and  clusters 
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Figure  9. — A  and  B,  Small  burls  on  blackgum  log  which  "washed  out"  in  the  rounding. 
C,  Cross-section  through  a  burl  on  tupelo.  Note  absence  of  defect  below  burl.  D,  Small 
burl  on  a  sweetgum  log.  Burls  on  the  gums  are  more  commonly  defective. 
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of  adventitious  buds.  When  a  branch  stub  lies 
close  to  the  surface  of  a  log,  the  bark  pattern 
is  usually  circular  in  outline  and  often  fur- 

nished with  a  bracket  or  shelf-like  structure 
on  the  side  nearest  to  the  base  of  the  tree. 
Those  overlying  more  deeply  recessed  branch 
stubs  feature  cross-seams  and  angtdar  or 
curved  longitudinal  fissures. 

Overgrowth  in  yellow-poplar  due  to  insect 
attack  was  not  observed.  Logs  containing  the 
work  of  the  Columbian  timber  beetle  were 
examined  but  the  entrance  holes  of  these  in- 

sects were  not  detected. 
Overgrowths  over  adventitious  buds  are 

similar  to  those  over  deeply  recessed  branch 
stubs.  As  a  matter  of  fact,  adventitious  bud 
formation  frequently  develops  over  a  branch 
stub,  and  in  the  veneer  sheets  suggests  a 
cluster  of  pin  knots,  sometimes  with  included 
bark  (fig.  1). 

Overgrowths  in  sweetgum. — One  of  the  most 
common  types  of  overgrowth  in  second- 
growth  sweetgum  logs  of  small  diameter  is  the 
"cat's  eye."  This  is  a  slightly  depressed  bark 
distortion  indicative  of  the  presence  of  a 
buried  branch  immediately  below  (fig.  10). 
The  distortions  on  larger  logs  or  where  the 
stub  is  more  deeply  buried  are  quite  similar 
to  those  of  yellow-poplar.  Obliteration  of  over- 

growths on  sweetgum  appears  to  take  much 
longer  than  in  yellow-poplar. 

Overgrowths  in  tupelo. — Tupelo  prunes  itself 
easily  and  early  in  youth,  and  most  logs  of 
peeler  dimension  are  exceptionally  free  from 
bark  indicators  of  this  sort.  The  most  com- 

mon overgrowth  is,  of  course,  that  associated 
with  a  branch  stub.  Occasionally  overgrowths 
develop  in  butt  logs  where  flanges  of  a  but- 

tressed base  have  coalesced  to  include  a  pocket 
of  bark.  Bird  peck  is  not  common  to  this 
species,  nor  is  there  much  in  the  way  of  insect 
damage. 

Overgrowths  in  blackgum. — Blackgvun  from 
deep  coastal  swamps  is  similar  to  tupelo  in  its 
pruning  habits,  and  overgrowths  are  only  oc- 

casionally observed  on  peeler-size  logs  of  these 
trees.  Blackgum  logs  from  drier  upland  sites, 
however,  show  a  variety  of  overgrowth  pat- 

terns, the  cause  of  which  carmot  be  ascertained 
until  the  logs  are  peeled.  Branch  stubs  and 
pockets  of  rot  are  the  two  most  common  de- 

fects encountered  under  the  overgrowths. 
Overgrowths  related  to  bird  peck. — Over- 

growths that  cover  the  holes  of  sapsuckers 
(not  the  usual  woodpeckers)  may  be  recog- 

nized by  the  conspicuous,  horizontal  row  or 
belt  pattern  of  occluded  holes  about  one- 
fourth  inch  in  diameter  (fig.  11).  Occasionally 
the  entire  log  is  freckled  with  such  bird  peck. 
Where  the  holes  are  continuous,  a  horizontal 
crack  often  forms. 

Species  most  susceptible  to  attack  by  sap- 
suckers  are  hickories,  elms,  sweetgum,  yellow- 

poplar,  and  water  oaks.  The  other  oaks, 
maples,  and  birches  are  damaged  moderately. 

Overgrowths  from  sapsuckers  indicate  im- 
perfections in  the  wood  consisting  of  small 

holes  or  groups  of  holes  filled  with  callus  tissue. 
One  attack  would  cause  imperfections  in  only 
one  plane  and  would  thus  affect  only  a  sheet 
or  two  of  veneer. 

Bird  peck  overgrowths  on  sweetgum  are 
similar  to  those  of  yellow-poplar.  Short  cross- 
breaks  in  the  bark  from  8  to  16  inches  or 
more  in  length  (fig.  3C)  usually  signify  deeply 
recessed  bird  peck  damage. 

Overgrowths  related  to  insect  attack. — Com- 
mon and  extremely  important  distinctive  bark 

irregularities  are  those  covering  holes  caused 
by  the  work  of  such  insects  ̂   as  wood  borers 
and  bark  scarrers  (fig.  12).  The  latter  results 
in  irregularly  puckered  scars  covering  the  en- 

trance hole  and  surrounding  area  of  bark 
destroyed  by  the  feeding  larvae.  Generally, 
borer-caused  overgrowths  in  the  bottom  lands 
involve  carpenter  worm  work,  while  in  the 
uplands  they  involve  roundheaded  borer  work. 
The  covering  of  bark  scarrer  work  usually 
shows  as  a  vertical  slit  from  ̂   to  3  inches 
long  with  callus  area  on  both  sides.  The  most 
extreme  development  of  this  type  often  looks 
like  a  small  healed  blaze  wound.  In  late  stages 
projecting  scales  of  normal  bark  from  sur- 

rounding areas  may  hide  these  distortions. 
These  concealing  bark  scales,  particularly  in 
mature  trees,  may  contain  holes  3^  to  ̂   inch 
in  diameter,  or  exhibit  numerous  transverse 
breaks,  cracks,  or  ridges  which  indicate  that 
overgrowths  are  present.  This  general  class  of 
insect-caused  overgrowths  is  definitely  re- 

lated to  species,  and  within  species  to  site 
and  history.  It  is  most  prevalent  in  the  South, 
especially  in  the  valleys  of  the  lower  Missis- 

sippi River  system  and  the  lower  Coastal 
Plains.  Occurrence  is  closely  related  to  sites, 
being  affected  not  only  by  the  sharp  differ- 

ences between  the  alluvial  and  upland  situa- 
tions, but  also  by  the  widely  varying  growth 

conditions  in  the  lowlands. 

SEAMS 

Seams,  like  heart  check,  are  radial  separa- 
tions of  the  fiber  along  the  grain.  Unlike  heart 

check,  which  is  largely  restricted  to  the  heart 
center  of  a  log,  seams  develop  at  the  periphery 
and  extend  inward  for  varying  distances,  de- 

pending upon  the  severity  of  the  separation. 
When  of  recent  origin,  they  appear  as  open 
longitudinal  splits  of  bark  and  wood.  Old 
seams  that  have  partially  or  wholly  healed 
are  margined  with  callus  or  completely  sealed 
with  such  tissue.  Shallow  seams  less  than  one 
inch  in  depth  can  usually  be  disregarded  in 

2  Insect  damage  described  under  this  heading  is 
adapted  from  Lockard  et  al.     See  footnote  1. 
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Figure  10. — Cafs  eye  and  defect  in  underlying  veneer  from  sweetgum  block. 
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judging  the  quality  of  a  veneer  log,  as  they 
are  commonly  peeled  off  in  preliminary  round- 

ing operations.  Deeper  seams  restrict  sheet 
widths  to  each  full  turn  of  the  lathe.  Old 
seams  and  raised  seams  in  which  the  callus 
folds  are  drawn  up  into  a  ridge  usually  indicate 

decay  (fig.  13),  so  that  the  losses  from  seam- 
scored  logs  may  be  considerably  greater  than 
those  caused  by  a  seam  alone.  In  fact,  the 
depth  of  a  seam  and  condition  of  wood  sur- 

rounding it  may  be  such  that  the  log  is  wholly 
unfit  for  production  of  quality  veneer. 

Seams  are  defects  in  veneer  logs  except  as 
noted  above.  They  are  reasonably  common  in 
sweetgum  and  tupelo  logs.  They  were  ob- 

served much  less  frequently  in  yellow-poplar 
and  blackgum. 

FLANGES  AND  FLUTES 

Some  trees  growing  on  moist  low  ground 
develop  radial,  wing-like  projections  at  the 
bases  of  trunks  that  gradually  blend  into  the 
tree,  finally  disappearing  altogether  at  a  dis- Figure  11. — Overgrowths  caused  by  sapsucker  work. 
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Figure  12. — A  type  of  bark  scarrer  overgrowth  easily  confused  with  borer  exits:  A, 
Healed  scar  (1  by  1-2/3  inches);  B,  Surface  of  wood  beneath  scar  shows  ingrown  bark 
but  no  penetration  of  wood. 

tance  of  from  4  to  6  feet  above  the  ground. 
These  buttresses  are  termed  flanges.  In  old- 
growth  sweetgum,  an  adjacent  pair  of  flanges 
will  occasionally  merge  and  entrap  pockets  of 
bark  which  may  be  superficially  included  in 
the  cylinder  following  preliminary  rounding 
(fig.  14).  In  most  instances,  however,  such 
inclusions  are  removed  with  only  a  few  ad- 

ditional turns  of  the  block  in  the  lathe.  Or- 

dinarily, flanges  cannot  be  considered  as  in- 
dicators of  defect;  they  should  be  disregarded 

in  assaying  grades  of  logs. 

Flutes  are  folds  or  convolutions  in  the  trunk 
surface.  They  generally  include  ingrown  bark. 
They  are  uncommon  enough  to  be  ignored  as 
a  grade,  but  individual  logs  need  to  be  checked 
for  ingrown  bark. 
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Figure  13. — Seam  in  sweetgum  block.  Note  streak  of  decay  below  seam. 
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Figure  14. — Included  bark  between  merged  flanges 
in  butt  cut  of  sweetgum  log. 

BUTT  SWELL 

The  water  level  in  many  hardwood  swamps 
of  the  southeastern  coastal  plains  fluctuates 
several  feet  during  the  course  of  a  year;  in 
fact,  inundation  is  often  so  general  that  bare 
ground  is  exposed  only  briefly  during  pro- 

longed periods  of  dryness.  Tupelo  and  black- 
gum  growing  on  such  sites  characteristically 
develop  broadly  buttressed  bases  known  as 
butt  swell  (fig.  15) . 

Under  ordinary  circumstances  butt  swell 
(which  should  not  be  confused  with  butt 
bulge)  is  not  a  defect,  at  least  in  the  usual 
sense,  since  the  wood  in  this  region  of  the  log 
is  usually  sound,  even  though  it  may  differ 
from  that  on  the  bole  above  the  swelling. 
Veneer  made  from  such  material  is  usually 
short-grained  because  of  the  relative  alignment 
of  the  fibers  with  respect  to  the  orientation  of 

the  lathe  knife.  It  is  markedly  cross-grained, 
and  seldom  can  be  dried  without  inducing 
severe  stresses  which  result  in  excessive  warp- 
age  of  the  sheet.  With  special  treatment  and 
care,  such  veneers  are  suitable  for  center 
stocks  and  other  uses. 

In  extreme  cases,  and  notably  when  trees 
are  subjected  to  nearly  permanent  inundation, 
swell-butt  wood  is  so  brash,  soft,  and  weak, 
and  of  such  low  density  that  it  is  practically 
worthless  for  veneer  use;  under  such  condi- 

tions, butt  swell  must  be  regarded  as  a  defect. 



Figure  15. — Butt  swell. 

LOG  END  DEFECTS 

STAINS 

Indications  of  stain  and  abnormal  discolora- 
tion are  sometimes  visible  along  the  saw  cut  at 

the  ends  of  logs  and  blocks;  otherwise  they  are 
seen  only  after  peeling  has  commenced.  Unless 
veneer  sheets  are  selected  for  uniformity  of 
color,  most  stains  have  little  influence  upon 
sheet  quality.  Stains  caused  by  insect  or 
fungal  activity,  however,  entail  losses  in  veneer 

yield. 

Discolorations  in  Sweetgum 

Mineral  stain. — Mineral  stain,  also  termed 
mineral  streak  and  calico  streak,  is  a  common 
feature  of  sweetgum  logs.  Originating  in  the 
sapwood,  and  believed  to  be  the  result  of 
physiological  disturbances,  the  zones  of  dis- 

coloration appear  on  the  ends  of  logs  as  small, 
irregularly-shaped,  reddish-brown  patches  up 
to  an  inch  or  more  in  width.  On  the  faces  of 
veneer  sheets  they  appear  as  hair  lines  or 
streaks  up  to  1  inch  in  width  and  3  feet  in 
length,  usually  ending  in  forked  tips  or  atten- 

uated points.  Deeply  pigmented  streaks  are 
prone  to  check  in  drying,  although  this  check- 

ing is  much  more  common  in  boards  than  in 
thin  veneers.  Some  plywood  manufacturers  in- 

sist that  the  glazed  surface  of  such  streaks 

often  makes  gluing  difficult.  Mineral  streak 
reduces  the  value  of  veneer  that  must  be  se- 

lected for  uniformity  of  color;  for  most  uses, 
however,  it  is  not  objectionable. 

Pathological  heartwood. — Some  sweetgum 
logs  are  characterized  by  tangential  bands  or 
rings  of  dark  reddish-brown  wood  in  the  sap- 
wood  zone  (fig.  16) .  These  bands  have  the  ap- 

pearance of  normal  heartwood  and  are  believed 
to  be  the  result  of  injury  in  the  sapwood 
region.  In  the  veneer  sheet,  pathological 
heartwood  appears  as  ribbons  or  broad  bands 
between  sections  of  normally  pigmented  sap- 
wood.  Pathological  heartwood  and  mineral 
stain  are  closely  associated  and  commonly 
occur  in  the  same  log. 

In  veneer  unselected  for  color,  pathological 
heartwood  is  not  objectionable  and  under 
normal  circumstances  cannot  be  regarded  as  a 
defect. 

Blue  stain. — Blue  stain  is  a  very  common 
discoloration  in  sapwood  sweetgum  logs,  par- 

ticularly in  the  South  during  periods  of  warm, 
humid  weather.  This  grayish  to  blue  discolor- 

ation, often  enveloping  the  entire  sapwood  zone 
on  the  ends  of  logs,  is  the  result  of  fungi  which 
inhabit  freshly  cut  timber.  These  fungi  feed 
on  foodstuffs  stored  in  certain  woody  cells, 
and  while  they  do  not  attack  the  cell  wall,  they 
are  often  associated  with  decay  fungi.  Because 
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Figure  16. — Pathological  heartwood  in  sweetgum. 

blue  stain  fungi  usually  begin  their  develop- 
ment on  the  ends  of  logs  and  work  inward, 

sheets  of  veneer  cut  from  infected  logs  have 
bluish  margins  of  varying  width,  with  occa- 

sional discolored  areas  that  extend  across  the 
face  of  sheets.  Blue  stain  is  an  objectionable 
discoloration  and  should  be  regarded  as  a 
defect  in  veneer  logs. 

Stains  indicative  of  decay. — Dull  yellow  to 
yellow-brown,  or  bleached  irregular  streaks  or 
spots  on  the  ends  of  logs  are  usually  indicative 
of  incipient  if  not  actually  advanced  stages  of 
decay.  Since  decayed  wood  is  of  little  utility  in 
producing  veneers,  due  allowance  for  cull 
should  be  made  in  all  logs  exhibiting  discolor- 
ations  of  these  hues. 

Stains  in  Yellow- Poplar 

Blue-butt. — This  is  a  term  applied  to  the 
butt-cut  faces  of  yellow-poplar  logs  in  which 
part  or  all  of  the  heartwood  is  blue  to  blue- 
black.  When  blue-butt  logs  are  peeled,  the 
sheets  of  veneer  are  characterized  by  colorful, 
variegated  patterns  of  blue,  purple,  lavender, 
green,  orange,  and  reddish  hues.  These  pig- 

mentations are  not  permanent,  but  appear  to 
be  photochemically  active,  for  within  a  short 
time  after  exposure  all  of  them  fade  to  a  nearly 
uniform  olive  and  brown. 

Blue  stain. — Blue  stain  should  not  be  con- 
fused with  blue-butt  since  the  former  is  re- 

stricted to  sapwood  and  the  latter  to  the  heart- 
wood  zone.  Blue  stain  is  often  abundant  on 

yellow-poplar  logs  stored  in  wood  yards  during 

periods  of  warm,  humid  weather.  The  effect 
on  the  wood  is  similar  to  that  in  sweetgum. 

Fire-streak. — Small  jet-black  patches  of  ir- 
regular contour  commonly  may  be  observed 

flecking  the  sapwood  zone  on  the  ends  of  some 
logs  of  yellow-poplar.  In  the  veneer  sheet  they 
appear  as  attenuated  streaks  6  to  15  inches  or 
more  in  length,  and  often  an  inch  or  more  in 
width.  There  is  no  evidence  to  suggest  that 
these  streaks  are  associated  with  decay,  but 
excessive  longitudinal  checking  commonly  oc- 

curs in  these  areas  as  they  dry  out.  Fire- 
streaks  are  objectionable  in  face  veneers; 
hence  they  constitute  a  defect  and  are  a  cause 
for  degrading  a  log.  They  are  not  a  cause  for 
rejection  in  sheets  destined  for  crossbanding 
and  center  stocks. 

Brown-stain. — ^Brown  discolorations  ranging 
from  yellow-brown  to  a  dull,  drab,  dark 
brown  almost  invariably  signal  the  presence  of 
decay  in  yellow-poplar  logs.  The  colors,  how- 

ever, should  not  be  confused  with  the  rich 
olive  and  brown  hues  of  blue-butt  that  have 
undergone  photochemical  change. 

Such  areas  of  discoloration  on  the  ends  of 
logs  are  soft,  and  can  easily  be  dug  out  with  a 
penknife.  In  the  veneer  sheet  they  are  char- 

acterized by  rough  surfaces  and  loosely  at- 
tached fibers  or  slivers.  Brown-stain  is  a  cause 

for  heavy  culling  in  all  veneer-grade  logs  of 
yellow-poplar. 

Stains  in  Tupelo  and  Blackgum 

Fire-streak  and  blue  stain. — These  are  dis- 
colorations common  to  both  of  these  species. 

The  influence  of  fire-streak  is  similar  to  that 
described  for  yellow-poplar.  Blue  stain  in 
tupelo  and  blackgmn  resembles  blue  stain  in 
sweetgum. 

Stains  indicative  cf  decay. — Certain  fungi 
attacking  the  wood  of  these  two  species  de- 

veloped a  fine  black  line  between  zones  of  in- 
cipient and  advanced  decay.  These  lines,  which 

often  appear  in  the  form  of  hairline  closures 
around  zones  of  abnormal  discoloration,  usu- 

ally indicate  advanced  heartwood  decay.  Logs 
so  marked  should  be  heavily  culled. 

SPIDER  HEART 

The  heart  centers  of  large  old-growth  trees 
of  several  species  are  sometimes  characterized 
by  a  number  of  longitudinal  splits  or  separa- 

tions extending  radially  outward  from  a  com- 
mon point  in  the  pith.  These  separations  on 

the  ends  of  logs  form  stellate  patterns  known 
as  spider  or  star  heart  (fig.  17). 

Spider  heart  was  observed  in  both  yellow- 
poplar  and  in  sweetgum,  but  only  at  infrequent 
intervals.  It  appeared  to  be  most  strongly 
developed  in  blue-butts  of  yellow-poplar,  i.e., 
those  logs  which  featured  large  volumes  of 
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Figure  17. — Spider  heart. 

bluish-black  heartwood  at  the  time  of  felling. 
In  veneer  logs  in  which  the  lines  of  separa- 

tion are  poorly  developed  and  fall  wholly 
within  the  confines  of  residual  cores,  spider 
heart  is  not  a  defect.  On  the  other  hand,  when 
one  or  more  such  lines  of  failure  extend  out- 

ward into  the  woody  cylinder,  long  continuous 
sheets  of  veneer  give  way  to  the  production  of 
shorts.  If  only  a  single  separation  is  encoun- 

tered, sheet  length  is  then  equal  to  the  circum- 
ference of  the  cylinder  at  the  point  where  the 

knife  crosses  the  break.  Such  sheets  are  suit- 
able for  panel  production,  but  because  of 

their  variable  lengths,  clipping  to  a  standard 
or  specified  size  often  results  in  excessive  waste. 
When  two  or  more  gaps  are  bridged  by  the 
knife  during  a  single  revolution  of  the  block, 
sheet  length  (across  the  grain)  is  often  so  re- 

stricted that  the  resulting  "shorts"  constitute cull. 
Thus,  while  spider  heart  does  not  adversely 

affect  veneer  quality,  it  does  reduce  yield  of 
usable  veneer  in  a  log  and  should  be  reckoned 
with  in  scaling  procedures. 

ROT 

Incipient  rot  is  an  early  stage  of  decay.  The 
wood  is  discolored  and  weakened,  but  does  not 
lose  its  structure.  Incipient  rot  can  be  present 
in  all  species,  and  in  woods  of  low  density  such 

as  the  magnolias,  tupelos,  or  sweetgum,  the 
decay  process  advances  rapidly.  In  both  scal- 

ing and  manufacturing,  incipient  rot  is  less 
consistently  recognized  and  taken  care  of  than 
is  advanced  rot,  discussed  next.  Incipient  rot 
is  generally  scaled  out,  particularly  if  extensive 
or  outside  the  heart  center. 

As  opposed  to  the  early  or  intermediate 
stages  of  decay,  advanced  rot  is  wood  char- 

acterized by  a  breakdown  in  the  structure  to 
the  point  where  it  is  useless  (fig.  18). 

There  is  no  particular  relationship  to  species. 
Advanced  rot  generally  occurs  in  definite 
areas  in  the  tree.  A  frequent  location  is  the 
center.  Rot  resulting  from  wounds  or  knots  is 
commonly  found  in  the  outer  rim  of  wood. 

LOOSE  HEART 

Superficially  at  least,  loose  heart  (fig.  19) 
resembles  ring  shake.  In  fact,  to  most  lathe 
operators  loose  heart  is  merely  another  mani- 

festation of  ring  shake.  But  unlike  ring  shake, 
which  may  develop  anywhere  in  a  log  between 
pith  and  bark,  loose  heart  is  confined  to  the 
heart  center  of  a  log.  It  appears  on  the  ends 
of  logs  as  one  or  more  lines  of  rupture  between 
growth  rings.  Since  these  lines  of  rupture  usu- 

ally follow  what  apparently  was  the  original 
form  of  the  young  stem,  the  condition  prob- 

ably   commenced    when    the    stem — then    a 
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Figure  18. — Heart  rot  in  yellow-poplar. 

crooked,  suppressed  sapling — was  released 
from  competition.  This  defect  was  infrequent 
in  all  species  studied. 

In  effect,  a  log  with  loose  heart  comprises  an 
inner  cylinder  of  wood  surrounded  by  a  more 
or  less  detached  outer  layer.  This,  coupled 
with  the  fact  that  wood  from  the  vicinity  of 
loose  heart  is  usually  soft,  brash,  and  below 
average  density  for  that  of  the  species,  makes 
the  turning  of  such  logs  difficult.  Chucks  can- 

not be  firmly  seated  in  soft,  brashy  wood,  and 
a  block  will  "hang  up"  on  the  nose  bar  and 
knife;  meanwhile  if  the  chucks  continue  to 
turn,  the  heart  center  becomes  free  and  further 
peeling  is  impossible.  When  the  central  core 
about  loose  heart  is  particularly  brash  and 
weak,  the  revolving  block  may  suddenly  split 
open  and  break  out  of  the  lathe  before  peeling 
is  completed,  in  which  case  it  is  rendered 
completely  worthless  for  further  production 
of  veneer. 

RING  SHAKE 

Ring  shake  is  a  term  describing  partial  or 
complete  separation  of  fibers  between  adjacent 
annual  rings   (figures  19A   and  20).   Similar 

circular  separations  occasionally  develop 
within  the  annual  ring,  but  these  are  far  less 
common  than  those  appearing  at  the  ring 
boundaries.  Ring  shake,  also  known  as  wind 
shake  and  cup  shake,  is  thought  to  result  from 
excessive  wind-sway,  heavy  frosts  followed  by 
subsequent  shrinkage  and  the  swelling  of  the 
wood,  shrinkage  caused  by  chemical  changes 
in  the  older  wood,  and  shifting  of  the  center 
of  gravity  of  a  tree  by  partial  loss  of  the  crown, 
which  tilts  the  bole  with  attending  distur- 

bances to  the  root  system.  Whatever  the  cause, 
damage  of  this  sort  in  some  trees  is  often  so 
extensive  that  whole  logs  must  be  completely 
culled.  In  green  timber  such  lines  of  rupture 
are  frequently  so  minute  that  they  may  go 
undetected  imtil  the  exposed  ends  of  logs 
begin  to  dry  out  and  shrink. 

Ring  shakes  are  not  restricted  to  any  par- 
ticular zone  in  the  bole.  When  incipient  in 

character  or  confined  to  heart-center  of  a 
veneer  block,  they  cannot  be  classed  as  defects 
if  such  blocks  can  be  chucked  in  a  lathe  and 
turned  against  the  knife.  Elsewhere  in  a 
veneer  block,  however,  they  constitute  defect 
of  major  proportions. 
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Figure  19. — Loose  heart  in  tupelo  and  its  effect  on  the  cutting  of  rotary  veneer.  In  photo C  the  veneer  core  separated  from  rest  of  bolt  when  knife  entered  loose  heart  zone. 

I 
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WIND  SHAKE 

Wind  shake,  like  ring  shake,  is  a  separation 
of  fibers  along  weak  lines  of  cleavage.  Wind 
shake  differs  from  ring  shake,  however,  in  that 
it  consists  of  a  single  radial  split  extending 
across  the  pith  (fig.  20).  In  some  instances  it 
is  restricted  to  the  heart  center  of  a  tree;  in 
others  it  appears  to  enlarge  progressively  with 
heartwood  formation  and  then  extends  across 
the  heartwood  zone.  Wind  shake  was  observed 

in  sweetgum,  blackgum  and  tupelo,  but  ap- 

peared to  be  most  common  in  old-growth 
tupelo.  In  some  trees  it  was  restricted  to  basal 
portions  of  the  bole;  in  others  it  was  noted  in 
blocks  removed  from  just  below  the  crown. 

Wind  shake  may  be  disregarded  as  a  defect 
in  veneer  logs  and  blocks  when  contained 
within  the  flange  area  of  the  lathe  chucks. 
When  the  split  extends  beyond  the  rim  of  the 
chucks,  due  allowance  should  be  made  for  cull, 
since  shorts  only  can  be  produced  from  the 
remaining  cylinder. 

Figure  20. — Wind  and  ring  shake  in  tupelo  logs. 

DISCUSSION 

If  good  veneer  log  values  continue  upward 
as  they  have  during  the  past  few  years,  timber 
growers  can  well  afford  to  hold  their  better 
quality,  fast  growing,  saw-log-size  trees  a  few 
more  years  until  they  are  large  enough  for 
veneer,  and  they  should  continue  to  bring  a 
better  price  than  if  sold  as  saw  logs.  On  the 
other  hand,  veneer  log  costs  are  rapidly  rising 
to  a  point  where  the  veneer  manufacturers  are 
going  to  have  to  sort  and  buy  their  logs  by 
grade  and  size.  Furthermore,  they  need  to 
know  the  specific  criteria  (log  sizes  and  classes 
of  defects)  on  which  to  base  their  grades, 
rather  than  buying  log  run. 

If  a  log  end  shows  an  entire  ring  shake,  or 
two  or  more  concentric  rows  of  bird  peck,  or 
bad  heart  rot,  the  log  should  most  likely  be 
designated  for  lumber  rather  than  veneer.  If  it 
has  more  than  one  high  bump  or  large  burl, 
or  frequent  bird  pecks  (calloused),  or  insect 

overgrowths,  then  again  it  should  go  to  the 
sawmill.  If  it  is  knotty  and/or  small,  it  will 
probably  bring  more  at  the  sawmill  than  at 
the  veneer  plant.  Conversely,  if  it  is  12  or 
more  inches  in  diameter  inside  bark  at  the 
small  end,  and  clear  of  surface  and  end  de- 

fects, it  should  bring  appreciably  more  at  the 
veneer  plant. 

An  understanding  of  this  booklet  and  careful 
study  of  Agriculture  Handbook  244,  entitled 
"Grade  Defects  in  Hardwood  Timber  and 
Logs,"  which  illustrates  and  describes  addi- tional indicators  of  log  defects  such  as  bumps 
and  decay,  should  be  helpful  to  both  the  pro- 

ducer and  the  buyer  of  hardwood  logs.  Another 

useful  publication  in  this  field  is  "Losses  from 
Defect  in  Piedmont  Hardwoods,"  by  W.  C. 
Bryan,  Station  Paper  109,  issued  by  the  South- 

eastern Station,  U.  S.  Forest  Service,  January 
1960. 
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The  simplest  and  most  accurate   method  of  determining  site  index 
for  a  species  on  a  given  site  is  to  measure   height  and  age  of  individual 
trees  growing  there.    Unfortunately,  trees  of  the  desired  species  are  not 
always  present.    For  this  reason,  methods  have  been  devised  to  estimate 
site  index  by  some  indirect  means.    One  method,  widely  used  at  present, 
is  based  upon  relationships  between  growth  rate  and  soil  properties. 

For  a  given  species,  any  method  of  estimating  site  index  by  the  use 
of  soil  factors  will  be  limited  in  its  geographic  application.    This  applies 
even  within  the  natural  range  of  a  species  because  of  differences  in  parent 

material,  soils,  and  climate.    Site -predicting  equations  have  been  derived, 
in  other  geographical  areas,   for  both  loblolly  and  shortleaf  pine  (2,    3,   4, 
6,    9),   but  these   equations   are   not  applicable  in  the   Virginia   Piedmont. 
Site -predicting  equations  for  Virginia  pine  as  yet  have  not  been  reported. 

AREA 

The  Piedmont  Plateau,  encompassing  the  central  portion  of  Virginia, 

is  the  largest  single  physiographic  province  in  the  state.      About  41  per- 
cent of  the  total  land  area  of  Virginia  is  classed  as  Piedmont.    According 

to  Robinson  et  al.  (7),   the  red-yellow  podzolic  soils  dominate  the  entire 
state,   but  are  most  typically  developed  in  the  southern  and  central  areas 
of  the  Piedmont.     In  the  northern  Piedmont  this  group  of  soils  occurs  in 

association  with  the  gray-brown  podzolic  soils.      These  latter  soils  fre- 
quently occur  as  gradations  toward  the  red-yellow  podzolic  group. 

These  same  authors  (7)  report  that  although  the  prevailing  climate 

in  the  Piedmont  tends  to  develop  soils  with  grayish-brown  to  pale  yellow 
surfaces,   and  yellow  to  red  subsoils,   a  noticeable  variation  occurs  from. 

This  study  was  carried  out  in  cooperation  with  the  Virginia  Division  of  Forestry,  U.  S.  Soil 
Conservation  Service,   and  the  School  of  Forestry,    University  of  Georgia. 



north  to  south  because  of  climatic  differences.    As  one  travels  northward 

in  this   area,   the   soil  profiles   generally  become   shallower,   darker  in 
color,    and  contain  larger  amounts   of  organic   matter.      In  the  northern 
Piedmont  on  comparable  landforms,    soils   derived  from  similar  parent 
materials  will  contain  larger   amounts  of  plant  nutrients  and  have  more 
friable  subsoils  than  soils  developed  further  south. 

Three  native  conifers,    Virginia,    shortleaf,   and  loblolly  pine,   are 
commercially  important  in  this  area.    The  first  two  species  occur  rather 
uniformly  throughout  this  region,   whereas  the  natural  range  of  loblolly 
pine  is  limited  to  a  few  of  the  southern  counties  (Area  I,   fig.  1).      In  the 
past  30  years,    however,   the  planting  range  of  loblolly  has  been  extended 
and  it  is  now  the  most  widely  planted  conifer  in  both  Areas  I  and  II. 

METHODS 

Field 

The  shortleaf  and  Virginia  pine  data  were  collected  throughout  the 
Virginia  Piedmont,  but  the  loblolly  data  were  collected  only  from  Area  I. 
Shortleaf  pine  was   sampled  on  61  plots,    Virginia  pine  on  59  plots,   and 
loblolly,   with  its  smaller  natural  distribution,   was  sampled  on  44  plots. 
The  sample  plots  were  restricted  to  residual  upland  soils.     Stands  which 

showed  evidence  of  natural  or  man-made   disturbances  that  might  seri- 
ously affect  height  growth  were  not  sampled. 

Most  stands  sampled  in  this  study  were  clearly  in  the  first  timber 
rotation  since   abandonment  from  general  agriculture  and  posed  some 
problems  in  classification  of  the   A  horizons.     What  has  been  classified 
as   A2  horizon  is  in  fact  an  Ap  layer  (8).      In  this  study,   the  transition 
zone  between  the   A  and  B  horizons  was  listed   as   A3B1.     It  is  easily 
distinguished  by  the  intermixed  colors  of  the   A  and   B  horizons. 

The   size   and   shape   of  the   plots  were  varied  to  obtain  uniform 
sampling  conditions.     Most  of  them  ranged  in  size  from  1/10  to   1/5  acre 
and  were  rectangular.    Only  one  soil  tajfonomic  unit  was  included  within 
the  plot  boundary.    No  effort  was   made  to   select  modal   soils.     A  soil 

scientist  ■'■  of  the  Soil  Conservation  Service,  USD  A,    checked  and  classi- 
fied all  soils  on  the  sample  plots  used  in  the  study. 

Four  dominant  or  codominant  trees  on  each  plot  were  bored  for 
age  at  breast  height,    and  their  total  height  was  measured  with  a  Haga 

altimeter.^     The  site  index  for  the  species  on  each  plot  was  estimated 
from  appropriate  curves  (1,   4)  by  using  the  average  age  and  height  of  the 

sample  trees. ^ 

^Earl  R.  Brunger,  Soil  Scientist,  U.  S.  Soil  Conservation  Service,  Charlottesville,  Virginia. 
^  To  obtain  total  age,  3  years  were  added  to  this  breast  height  age  for  loblolly  and  4  years 

were  added  for  both  shortleaf  and  Virginia  pine. 

^Generally,  loblolly  pine  occurs  in  pure  stands,  but  shortleaf  and  Virginia  pine  are  com- 
mon associates.  When  Virginia  and  shortleaf  pine  were  found  in  mixture,  and  neither  species  was 

clearly  dominant  in  the  stand,   four  trees  of  each  species  were  sampled. 

-  2  - 
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Soil  samples  were  collected  from  four  randomly  located  pits  on 
each  plot;  these  samples  were  taken  uniformly  from  each  horizon  present 
except  the  B2.  A  sample  from  the  B2  was  collected  about  6  to  12  inches 
below  the  top  of  that  horizon.  Each  pit  was  bored  to  a  minimum  of  46 
inches,  unless  the  C  horizon  was  encountered  at  a  shallower  depth.  Pits 
that  contained  B3  horizons  were  frequently  bored  to  at  least  60  inches 
before  the  C  horizon  was  encountered. 

Laboratory 

Most  of  the   soil  analyses   estimated  the   various   moisture   and 
mechanical  properties  which  in  earlier  work  were  found  to  influence  site 
index.     The  analyses  were: 

1.  Percent  sand,    silt,   and  clay  for  all  horizons  sampled. 

2.  1/3  atmosphere  (atm.)  of  A2,    A3B1,   and  B2  (an  estimate 
of  the  percent  water  at  field  capacity). 

3.  15  atmospheres  of  A2,    A3B1,   and   B2  (an  estimate  of  the 
percent  water  at  the  wilting  point). 

4.  Moisture  equivalent  (M.  E.)  of  B2  (another  estimate  of  field 
capacity). 

5.  Xylene  equivalent  of  B2  (a  soil  constant  needed  to  determine 
the  imbibitional  water  value). 

The  following  soil  moisture  constants  were  calculated  from  the  fore- 
going analyses. 

1.  Available  water  of  the   A2,   A3B1,   and   B2 .     (The  difference 
between  the   1/3  atmosphere  and    15  atmosphere   values  for 

any  given  horizon. ) 

2.  Imbibitional  water  value  (I.W.V.)  of  B2  (the  difference 

between  the  moisture  equivalent  and  the  xylene  equivalent; 
it  is  an  indirect  measurement  of  the  water-holding  capacity 
of  the  soil). 

Statistical 

The  basic  equation  for  analyzing  the  data,  using  logarithm  of  height 
as  the  dependent  variable,  was: 

Logarithm  of  height  =  C  +  b^x^  +  bgXg  +   bnXn 

where  C  =  Regression  constant 

b  =  Regression  coefficients 

X  =  Independent  variable 



Approximately  60  independent  variables  were  plotted   against  site 
index  for  each  species  to  determine  if  a  relationship  independent  of  age 
existed.     The  most  promising  variables  determined  from  this  prelimi- 

nary plotting,    plus  some  variables   found  important  in  past  work  {2^,    5), 
were  used  in  the  final  analyses.      The  most  promising  variables  for  the 
different  species  are: 

X. 

Loblolly  pine 

1 

Shortleaf  pine 

1      Age 

Xg     Thickness  of  B2 

X4  I.W.  V.   of  B2 

Xg  %  Sand  B2 

Xe  15  atm,   B2 

Xv  %  Clay  B2 

Xe  %  Sand  A2 
X  Thickness  of  A2 

X9  %  Clay  A3B1 

Xio  15  atm.   A3B1 

Xii  M.E.   of  B2 

X^g  Depth  to  B2 

Xj^3  Drainage  Class 

^14 

x,_ 

X 

18 X, 

X, 

Same 

Same 

Xa     Depth  to  C  Horizon       Same 

Same 

Same 

Same 

1/3  atm.   A2 

%  Clay  B2 

Available  Water 
of  A3B1 

Silt  +  Clay  of  B2 

Drainage  Class 

Section  of  Piedmont 

Available  Water 

of  B2 

M.E.   of  B2 

1/3  atm.   A3B1 

Thickness  of  B2 

X  %  Clay  B2 

(Silt  +  Clay  of  B2) 
■=-  M.E.   of  B2 

Thickness  of 
A  Horizon 

Virginia  pine 

Same 

(Thickness  of  A  Horizon) 
X   (Section  of  Piedmont) 

(Silt  +  Clay  of  B2) 
X   (Section  of  Piedmont) 

Thickness  of  B2 

Depth  to  C  Horizon 

I.  W.  V.   of  B2 

%  Sand  B2 

15  atm.   B2 

1/3  atm.   A2 

%  Clay  B2 

Available  Water  of  A3B1 

Silt  +  Clay  of  B2 

Drainage  Class 

Section  of  Piedmont 

Available  Water  of  B2 

M.E.   of  B2 

1/3  atm.   A3B1 

Thickness  of  B2 

X    %  Clay  B2 

(Silt  +  Clay  of  B2) 
^   M.E.   of  B2 

I.W.  V.   of  B2  X  Section 
of  Piedmont 
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A  stepwise  multiple  regression  program,  furnished  by  the  Computer 
Center  at  the  University  of  Georgia,  was  used  in  analyzing  these  data  on 
an  IBM  1620  computer.   Each  species  was  analyzed  separately.    Equations 
1  through  3  are  the  best  height-predicting  equations  for  these  species  in 

Virginia.   Below  each  equation  is  the  R^  in  percent  and  the  standard  error 
of  estimate  in  feet.      The  R^  is  the  square  of  the  multiple  correlation  co- 

efficient and  indicates  the   amount  of  variation  in  total  height  accounted 
for  by  the  predicting  equation.    The  logarithm  of  site  index  at  age  50,   for 
any  of  the  equations  presented  here,   can  be  obtained  by  using   .02  as  the 
Xi  variable  when  the  equation  is  solved. 

Equation  No.    1  -  Loblolly  Pine 

Logarithm  of  Height  =  1.95847  -  7.35171  {^)  +  .00389  (Thickness  of  B2) 

-  .00198  (%  Clay  B2)  +  .00932  (I.W.V.  of  B2) 

R^   =   65.5  percent 

Standard  error  of  estimate  =4.9  feet 

Equation  No.   2  -  Shortleaf  Pine 

Logarithm  of  Height  =  2.00593  -  9.39678  (■^)  +  .01965  (Section  of 

Piedmont)  +  .03  048  (Drainage  Class) 

+  .02914  (Silt  +  Clay  of  B2  -r  M.E.   of  B2) 

-  .00334  (Available  Water  of  A3B1) 

+  .002  03  (Available  Water  of  B2) 

-  .00196  (Depth  to  C  Horizon) 

R^    =81.8  percent 

Standard  error  of  estimate  =  4.2  feet 

Equation  No.   3  -  Virginia  Pine 

Logarithm  of  Height  =  2.12932  -  8.37313  (^^)  +  .00482  (Thickness  of 

A  Horizon  x  Section  of  Piedmont) 

-  .00601  (1/3  atm.   A3B1)  +  .00254  (1/3  atm.   A2) 

-  .00308  (Available  Water  of  B2) 

-  .00057  (Silt  +  Clay  of  B2  x  Section  of  Piedmont) 

+  .00112  (%  Clay  B2) 

+  .00321  (I.W.V.   of  B2  X  Section  of  Piedmont) 

-  .00107  (Thickness  of  B2)  -   .00301  (I.W.  V.  of  B2) 

R^   =    79.2  percent 

Standard  error  of  estimate  =3.5  feet 
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The  preceding  equations  are  rather  complex  and  have  many  variables 
that  must  be  determined  in  the  laboratory.     Additional  statistical  analyses 
were   made  to  obtain  another   set  of  equations  with  variables  more  easily 
estimated  in  the  field  and,   therefore,   of  more  practical  value.     Equations 
4  through  6  are  more  suitable  for  field  use. 

Equation  No.   4  -  Loblolly  Pine 

Logarithm  of  Height  =  1,98556  -  6.83509  (^^)  +  .00377  (Thickness  of  B2) 

-  .00124  (%  Clay  B2) 

R^  =  60.6  percent 

Standard  error  of  estimate  =5,3  feet 

Equation  No,   5  -  Shortleaf  Pine 

Logarithm  of  Height  =  2,04427  -  9.51954  (^-^)  +  .02211  (Section  of 

Piedmont)  +  .02  382  (Drainage  Class) 

-  .0000378  (Thickness  of  B2  x  %  Clay  B2) 

R^  =  78  percent 

Standard  error  of  estimate  =4.6  feet 

Equation  No.   6  -  Virginia  Pine 

Logarithm  of  Height  =  2.05502  -  7.60179  (■^)  +  .00198  (Thickness  of 
A  Horizon  x  Section  of  Piedmont) 

-  .00455  (1/3  atm.   A3B1)  +  .00165  (1/3  atm.    A2) 

R^  =  71.9  percent 

Standard  error  of  estimate  =4.1  feet 

APPLICATIONS 

The  complexity  of  the  first  set  of  equations,   coupled  with  the  cost 
of  obtaining  the  individual  variables,   severely  restricts  their  use  for 
practical  forest  management  and  will  not  be  given  further  consideration 
here.     Equations  4,    5,    and,   to  a  lesser   extent,    6  can  be  of  practical 
value  to  foresters  in  the   Virginia  Piedmont.     The  site  index  guides -- 
figure  2  and  tables  1  and  2 --for  the  individual  species  were  constructed 
using  these  last  3  equations.     It  is  assumed  that  equations  4  and  5  are 
usable  in  the  field  without  laboratory  analyses  because  the  percent  clay 
can  be  estimated  from  the  textural  class  of  the  B2  horizon. 

Established  soil  series  can  be  used  to  estimate  the  textural  class 

of  the  B2  horizon.      These  soil  series  can  be  identified  by  referring  to 
Soil  Survey  maps  of  entire  counties   or  of  local  areas  mapped   for  other 

-  7 



agricultural  purposes.     The  thickness  of  soil  horizons  must  be  measured 
with  a  soil  auger  because  horizon  depths  or  thicknesses  cannot  be  obtained 
from  soil  maps. 

Loblolly  Pine 

A  site  index  guide  for  loblolly  pine  was  constructed  from  equation  4 
(fig.  2).    Estimates  of  site  index,  for  most  residual  upland  soils  in  Areas 
I  and  II,   can  be  obtained  by  determining  the  textural  class  and  thickness 
of  the  B2  horizon  in  inches.      Although  most  land  can  be  safely  assessed 
by  using  figure  2  or  equation  4,   there  are  several  important  exceptions 
to  observe  when  making  assessments. 

I 

18 

22  26  30  34 
B2  THICKNESS  (INCHES) 

38 

42 

46 

Figure  2. --Guide  for  estimating  the   site  index  of  loblolly  pine  by  B2  horizon 
textural  class  and  thickness  on  moderately  well- drained  and  well- drained  soils. 



Table  1.  --Guide  for  estimating  site  indices  for  shortleaf  pine  by  soil  factors 
in  the  Virginia  Piedmont 

SITE  INDEX 

B2  horizon 
Area  m Areas  I  and  II 

Well 

drained 
Excessively  drained 

or  poorly  drained 

WeU 

drained Texture Thickness 
Excessively  drained 

or  poorly  drained 

Inches 

Sandy  clay  loam 
or  clay  loam 10  to  19 

76 

20  to  29 73 

30  to  40 71 

Sandy  clay 
or  silty  clay 10  to  19 74 

20  to  29 71 

30  to  40 68 

Clay 1 0  to  19 
72 20  to  29 68 

30  to  40 
64 

Feet 

68 

68 66 66 

64 

64 

67 

67 

64 

64 61 

61 65 

65 61 

61 
57 

57 

61 

59 

57 

60 

57 
55 

58 

55 

52 

Table  2 .  -  -Guide  for  estimating  site  index  for  Virginia  pine  by  soil  factors  in  the  Virginia  Piedmont 

SITE  INDEX 

Textural  class  of  A2 Northern  Piedmont, 
Area  HI 

Central  and  southern  Piedmont, 
Areas  I  and  II 

Sandy  loam 

Sandy  clay  loam 

Loam  or  clay  loam 
Clay 

_______J_  titt    --------- 

77 72 

72 68 

67 
62 

62 59 

Residual  soils  which  have  medium  to  strong  coUuvial  influence,   or 

that  are  either  "somewhat  poorly  drained"    or  "poorly  drained,"*    are 
good  loblolly  pine  sites  and  can  be  given  a  site  index  rating  of  at  least  85. 
Such  soils  in  this  area  occur  in  the  lower  topographic  positions.    Soils  in 
this  topographic   position  are   not  always   imperfectly  drained,   but  they 
do  benefit  from  drainage  water  from  the   surrounding  higher  ground. 

Although  these  areas  may  be  only  30  to  40  feet  lower  than  the  surround- 
ing ground,   the  additional  water  available  to  trees  is  readily  apparent  in 

the  late  spring  and  early  summer.     The  Durham,   Colfax,  Worsham,    and 
similar  soil  series  are  examples  of  very  good  loblolly  pine  soils  where 
the  strict  adherence  to  figure  2   or  equation  4  may  result  in  consistently 
underestimating  site  index. 

*U.  S.   Department  of  Agriculture.     Soil  Survey  Manual. 
169-172.      1951. 

U.  S.   Dep.   Agr.   Handbook  18: 
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Excessively  drained  shallow  soils  and  soils  that  have  an  impervious 
B  horizon  close  to  the  surface  are  poor  loblolly  pine   sites.      The  Louis- 
burg  and  Wilkes  soil  series   are  examples  of  the   first  group,    and  some 
phases  of  the  Orange,   White  Store,   and  Iredell  soil  series  are  examples 
of  the  second  group. 

Many  soil  series  found  in  the  Cecil- Appling  soil  association  (7)  have 

well-developed  B3  horizons.      Abetter  estimate   of  a  site's   potential  is 
possible  where   this  horizon  occurs   if  at  least  one-half  its  thickness  is 
added  to  the  B2  horizon  measurement, 

Shortleaf  Pine 

Equation  5,  or  the  site  index  guide  shown  in  table  1,   can  be  used  to 
predict  site  index  for  this  species  throughout  the  Virginia  Piedmont,    Two 
easily  determined  discrete  variables- -Drainage  Class   and  Section  of 
Piedmont- -must  be  obtained  to  use  either  alternative.   When  the  equation 
is  used,  these  variables  are  entered  into  it  as  either  plus  or  minus  values 
in  the  following  manner. 

Section  of  Piedmont 

In  figure  1,    all  counties  in  the  northern  Piedmont, 
Area  III,   are   designated  plus  1;   the   remaining 
counties,   comprising  Areas  I  and  II,   are  classified 
minus  1 . 

Drainage  Class 

All  "moderately  well-drained"   and   "well-drained" 
soils   are   classified   plus  1;    soils  that  have   either 

"excessive  drainage"   or  which  are   "somewhat  poorly 
drained"    or   "poorly  drained"    are  classified  minus  1. 

If  the   equation  is  used,   the  percent  clay   part  of  the   interaction 
variable  must  be  obtained  from  laboratory  analyses.      If  the  site  index 
guide   is   followed   (table  1),   the   clay  percentage  x  thickness  interaction 
variable  is  reduced  to  various  B2  horizon  textural  classes  combined  with 

three  rather  broad  categories  of  thickness. 

Generally,    soils  with  poor  internal  drainage,    such  as  the  White 
Store,   Orange,   Roanoke,   Iredell,  Worsham,    and  Colfax  soil  series  can 
be  expected  to  be  below  average  in  productivity  for  this  species.   Equally 
poor  growth  can  be  expected  from  shortleaf  pine  on  soil  series  that  are 
shallow  and  tend  to  be  excessively  drained.      The  Penn,    Manteo,    Manor, 
Louisburg,   Catlett,   and  Bremo  are  examples  of  this  second  class  of  soil 
series, 

Virginia  Pine 

It  is  impossible  to  use  equation  6  directly  without  laboratory  analy- 
ses to  determine  the  1/3  atm,  values  for  the  A2  and  A3B1  horizons.  How- 

ever,   the   site   index   guide   for  this    species   obtained   from  the   equation 
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(table  2)  can  be  helpful  for  estimating  site  index  because  of  the  relation- 
ship found  to  exist  between  the  1/3  atm.  values  and  percentage  of  clay  in 

these  horizons. 

In  all  soils  sampled  for  this  study,  regardless  of  series  or  species 
growing  on  them,   the  1/3  atm.   values  increased  with  an  increase  in  clay 
percentage.    Below,  for  the  commonly  encountered  A2  and  A3B1  textures, 
are  listed  the  number  of  observations  which  occurred  within  ±3.5  percent 
of  these  means: 

Textural  class Obse rvations 

99 

1/3  atm. 
X 

Percent  within  ±3.5 

points  of  X 

Sandy  loam 16 
76 

Sandy  clay  loam 
39 

21 72 

Loam,   clay  loam 98 
26 

82 

The  texture  "clay"   is  not  listed  here  but  appears  in  table  2.     This 
texture  can  be  used  to  estimate  site  index  on  areas  that  have  had  consid- 

erable erosion  in  the  past  and  now  lack  what  is   considered  here  as  an 
A2  horizon. 

In  constructing  table  2,   age  was  held  constant  at  50  years  and  the 
interaction  variable,   composed  of  A  horizon  thickness   in  inches  and 
Section  of  Piedmont,  was  held  constant  at  either  plus  or  minus  6.    Plus  6 
designates   6  inches   of  A  horizon  in  Area  EI,    and  minus  6   represents 
6  inches  of  A  horizon  in  Areas  I  and  n  (fig.  1).   The  mean  1/3  atm.  values 
were  used  for  the  different  textures  and  a  value  of  35  was  assigned  to  the 

texture   "clay."     This  value  was  assigned  because  it  was  not  unusual  for 
values  as  high  as  this  to  occur  in  clay  loam   samples  that  were  on  the 
borderline  between  clay  and   clay  loam.     When  a  borderline   situation 
occurs  between  these  textural  classes  in  practical  applications,   it  is 
recommended  that  the  clay  textural  class  of  table  2  be  used  when  pre- 

dictions are  made.    Insertion  of  A3B1  data  did  not  improve  the  estimates 
for  this  guide  and  have  been  deleted  to  simplify  its  use. 

Changes  in   A  horizon  thickness,    as  expressed  by  the  interaction 
variable,   do  not  influence  site  index  for  this  species  to  a  great  extent  in 
the  Virginia  Piedmont.     In  practice,   this  variable  functions  as  a  second 
regression  constant  and  indicates  differences  in  soil  properties  between 

Areas  I,   II,    and  III  not  considered  separately  in  this  study  (7^).     The  use 
of  any  A  horizon  thickness  within  the  range  encountered  in  this  study  will 
not  materially  affect  the  estimates  shown  in  table  2. 
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DISCUSSION 

Basically,  the  site  indices  of  all  three  species  studied  were  affected 
by  similar  soil  factors:    all  significant  soil  properties  are  associated  with 
either  root  penetration  or  availability  of  water. 

Essentially  the  same  soil  properties  reported  by  others  (2^,    3,    5,    6) 
to  influence  the   site  index  of  loblolly  pine  were  found  important  in  the 
Virginia  Piedmont.     It  is  interesting  that  Gaiser  (5)  found  poorly  drained 
land,  excluding  pocosins,  had  significantly  higher  mean  site  indices  than 
the  better  drained  land  in  the  Coastal  Plain  of  the  Carolinas  and  Virginia. 
The  quality  of  the  poorly  drained  soils  did  increase  with  increasing  depth 
to  the  least  permeable  layer.      Essentially  the  same   relationships  hold 
for  loblolly  pine  in  the  Virginia  Piedmont. 

Loblolly  pine  was  sampled  only  in  Area  I  where  it  occurs  naturally 
on  soils  of  the  Cecil- Appling  and  Georgeville-Herndon  soil  associations 
(7),  but  the  predictions  are  also  recommended  for  use  throughout  Area  II. 

The  soils  in  this   second  area  are  dominated  by  the   Cecil- Appling  and 
Mason-Tatum  soil  associations.      This  extrapolation  of  the  data  appears 
justified  because  of  similarities   among  the   major  soil  series  of  these 
soil  associations  with  respect  to  clay  type  and  content  in  the  B2  horizon 
(7).     Although  these  two  important  subsoil  characteristics  are  similar 
among  these  three   soil  associations,   the   soils  in  Area  I  tend  to  have 
deeper  B  horizons  than  soils  in  Area  EE.   This  depth  factor  would  indicate 
that  the  average  site  index  for  loblolly  pine  in  Area  I  may  be  higher  than 
in  Area  II.      There  are  few  stands  old  enough  in  this  second  area  to  test 
for  this  difference  accurately. 

Of  the   three  species  studied,    shortleaf  pine  appeared  to  be  most 

sensitive   to   adverse   site   conditions.     It  made  its  best  growth  on  well- 
drained  soils.     On  poorly  drained  soils  in  Area  I,  this  species  frequently 
occupied  a  lower  crown  position  when  growing  in  mixture  with  either 
loblolly  pine  or  the  various  hardwood  species.     When  found  growing  in 
pure  stands  on  either  poorly  drained  soils  or  excessively  drained  ones, 
the  growth  and  vigor  of  the  stands  were  usually  poor.      Over  the  entire 
Piedmont,  it  is  unable  to  compete  satisfactorily  in  mixture  with  its  most 
common  associate,    Virginia  pine,   on  either   poorly  drained   soils  or  on 
dry,    shallow  upland  soils. 

Shortleaf  pine  stands  were  not  abundant  in  the  northern  Piedmont, 
but  the  vigor  of  most  stands   encountered  there  was  very  good;    site 
indices  of  70  or  above  were  common.     It  appears  that  more  widespread 
planting  of  this  species  in  the  northern  Piedmont  should  be  encouraged, 
especially  if  seedlings  from  local  seed  sources  are  used. 

Of  the  three  species  studied,  the  site  index  of  Virginia  pine  was  the 
least  sensitive  to  soil  factors.     This  species  grows  naturally  on  a  great 
variety  of  sites.      Seldom  were   stands  with   site  indices  lower  than  60 
encountered.    On  the  other  hand,  except  in  the  northern  Piedmont,  stands 
with  site  indices  above  70  were  equally  difficult  to  find.   In  most  cases  it 
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is   apparent  that  management  objectives   are   more   important  than  site 
adaptability  for  determining  whether  to  plant  Virginia  pine  or  some  other 
species.      Except  for  a  few  isolated  cases,   most  woodland  sites  will  fall 
between  site  index  60  to  70;  to  set  up  management  goals  based  on  higher 
or  lower  estimates  would  appear  to  be  an  unnecessary  refinement.    It  is, 
however,  safe  to  assume  that  this  species  will  be  superior  to  either  lob- 

lolly or  shortleaf  pine  on  those  sites  considered  to  be  least  productive. 
This  assumption  is  especially  true  on  the  drier  upland   soils  and  those 
soils  lacking  a  B  horizon. 

Most  foresters  in  Virginia  are  familiar  with  the  soil  series  com- 
mon in  their  working  area.     These  soil  series  are  helpful  in  pointing  out 

the  effects  of  soil  drainage  class  on  the  general  quality  and  vigor  of  lob- 
lolly and  shortleaf  pine  stands.     However,    variation  in  B2  thickness  of 

over  2  0  inches  is  not  uncommon  for  some  soil  series.     If  the  average  B2 
thickness  is  used  from  official  series  descriptions  furnished  by  the  U.  S. 
Soil  Conservation  Service,   considerable  errors  in  estimating  site  index 
will  occur.      It  is  recommended  that  B2  thickness  be  determined  at  the 

planting  site  when  textural  class  determinations  are  made. 
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